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ABSTRACT 
of acreage households in the Edmonton area 
PonoOre Lhane357.08 thesesnousebotds had 
a,ilure of their on-site sewage disposal 
Jres were more frequent on some soils than on 
cularly those classified as Luvisols and those 
little 


fine-textured parent materials. Very 


qysical flow properties that could have 
lem situations existed. 

r define the ranges of moisture movement 
Edmonton area soils, infiltration and 
ites were determined at twenty-five sites 
resent a variety of soil types. Infiltration 
In properties were found to be related to the 
al] texture and to the soil development. 
soils and Luvisolic soils had the slowest 
ltrayivonrand i percolation. wWloarse -textured 
rnozemic soils had rapid rates. These results 
1 the findings of the acreage survey, where the 
vere associated with high rates of failure. 
line some of the important combinations of soil 
factors that affect sewage disposal systems 
Some of the suitability systems for sewage 
soils and landscapes of two acreage 


vere mapped at a scale of 1:5,000. 
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One was located east of Sherwood Park on the Cooking Lake 
moraine and the other southwest of Edmonton in an area of 
Sand dunes. The mapping units were distinguished on the 
basis of their soil development, parent material, landform, 
and dominant slopes. Hydraulic conductivity was determined 
for these soils in the field using an air entry permeameter 
(AEP) and on semi-disturbed cores. The usefulness of the 
AEP was also tested in this study. 

This data was used as input to several suitability 
Systems for on-site sewage disposal and the resulting 
evaluations were compared. The most valuable systems were 
thosevthat snot tonilly desined thevihimitations -atvatsite, but 
also specified corrective action. 

The air-entry permeameter proved valuable in that it 
gave fast, reproducible results and used little water, thus 
making it more portable than most infiltrometers. However, 


it was also fragile and required greater care in field use. 
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PoP INTRODUCTION 


The existance of a restricted development zone 
SUPROUNGING Ene =Cttyror*#edmonton nase led to the 
proliferation of country acreages, with individual holdings 
no smaller than one hectare. Ignoring the possibility of 
Zoning changes due to the recent annexation of land to the 
City of Edmonton, the Edmonton Regional Planning Commission 
has estimated that 20% of the population growth in the 
Commission area in the next 20 years will be directed toward 
such acreage=sebdtvisions. 

The cost of providing services such as central water 
distribution and sewage collection and treatment for these 
Scattered dwellings is usually prohibitive both for the 
landowner and the local municipal government. The 
landowner, then, with some guidance from provincial and 
municipal agencies, must shoulder the responsibility for 
finding a safe water supply and for disposing of his 
household wastes, usually on-site. Many, unfortunately, 
encounter difficulties. 

In 1978, 293 acreage households in the Edmonton region 
were surveyed for the performance of their on-site sewage 
disposal systems (Gardiner, 1978). Their systems, most of 
which consisted of septic tanks connected to conventional 
percolation fields, had all met the construction and 
capacity standards set by the Alberta Department of Labour, 


Plumbing Inspection Branch (1977). 
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The survey discovered that more than 35% of these 
households had experienced some problem at one time or 
another with their sewage disposal systems, despite the fact 
that most had been operating for less than five years. The 
Survey also found that precisely the same systems, having 
the same septic tank capacity and the same absorption field 
length and configuration, were often found constructed at 
different sites with widely differing sets of soil, 
landscape, and water use patterns. These systems worked 
wetli vintcsome slocations, (but ynotsin “7obhers. 

Failures were more frequent for some soils than for 
others. This was related to parent aoa where 
fine-textured materials were more often associated with 
failures than coarser materials. However, the nature of the 
SOil development was also implicated. Luvisolic soils, on 
average, had greater failure rates than Chernozemic soils 
with the same parent material. The difference was 
especidlhyi,stcikingtfionithe tilhesoklswimethe Edmonton 
area. A literature search revealed a paucity of information 
on the moisture flow properties of Edmonton soils that could 
have predicted problem situations. Field collected data was 
especially lacking. 

Septic tank effluent can be safely and effectively 
bfreated iby sits passagesthnough sobl i aniteshowta@be possible 
to provide proper treatment under almost any combination of 
S0il conditions. The cost and technology necessary, 
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thetsucecessporsfiatlure of afvsewagersystem@can i inepart 
be attributed to its maintenance, but the prime 
considerations in designing a successful system must be the 
estimated load and soil and landscape factors. These should 
influence construction methods and will affect the cost of 
building a safe and efficient system. Currently in Alberta, 
the soil influence is mainly recognized through the use of 
the percolation test, which attempts to determine moisture 
flow rates through the soil. The necessary field size for 
effluent absorption is calculated from thespeccolation,y rate 
and the estimated household water use. 

The objective of this study was to more fully define 
the suitability of some soils in the Edmonton area for 
On-site sewage disposal systems. 170 accomplish this, some 
of the more important combinations of soil and landscape 
factors tnhat-are- limiting, to the proper functioning of 
On-site sewage disposal systems in the Edmonton area were 
determined. In particular, moisture movement properties for 
a variety of Edmonton soils and various techniques to 
measure them were to be assessed. 

Detailed field studies were conducted to assess the 
aqpplicationvofwvarioussinterpretive. systems for on-site 
sewage disposal. This was based on a field mapping program 
of two acreage subdivisions in the Edmonton area. These 
particular subdivisions were selected for the study since in 
the 1978 survey, both were found to include both successful 


and unsuccessful systems. The failures may have been 
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related to the applications of inappropriate techniques, 
DUte they Coulee DOL. De obviously “attributed towfaul vy 
building materials or to negligence. 

A final objective was to make recommendations on the 
Collection eandainterpretation of soils data for the 


development of standards for on-site sewage disposal. 
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bie REVEEW OF ©THE RELATED* LITERATURE 


l. SEWAGE TREATMENT BY ON-SITE SEWAGE DISPOSAL SYSTEMS 


Most households in the study areas used sewage disposal 
Systems consisting of a septic tank and an attached 
apsorptwon?bedgorepercolattont ttieldai) -InAtheysepticatanks 
the sewage separates into liquid effluent, floating scum and 
Solids which will settle out to form sludge. Treatment at 
this stage is anaerobic. The effluent is then guided out 
tntoetheepercolationtfieldgiwhtcheconststsrottarsertes of 
trenches in which are laid perforated pipe or weeping tile. 
The trenches should be no more than a metre deep to ensure 
adequate aeration, as this treatment stage requires aerobic 
conditions (Bouma et als, eb972)e oTheleffluent (will sbe 
fretherd punit ted) as itepassestintogand ‘through ethemsoriur By 
the time it reaches the water table, the effluent should be 
Clean enough to drink. 

This kind of system has been in existence in its most 
basic form for several hundred years. The first subsurface 
irrigation system for sewage disposal began operation in 
1559 in Prussia and was still functioning 500 years later 
(Webber, 1974). Most of the septic tank/filter field 
systems do not have that kind of longevity, but if 
well-constructed, adequately sized, and properly maintained, 


such systems will have an average half-life of about 25 


9 Uz 
7fORVG5 
oO 


ite sta Agus OMe otal 2ee2 6. ak, vert hag 3 ree 


é3 
ar tupan Seeds Io 265492 11F eb are eo 


i bw, ire Tee 4S Vel a 3 gin Ot) nine SN 


ye - bi ven. 


jren 234 


30 TAMST St ena SRT. x0 woivaa it 


ni 720 


ds6) etsen & nen? s10m on se bipehe so 


- i 
mou 1988 See gatas vera” pad gurisnes a snd 


nt tl at He Aan Zen mgveizc Yo pais arnt: ‘A oa 
eoptivedot Jerr) oAT i, jini favavexr n' nnd sd 

nt AgtseveWo noped F 7 
aadet dane 008 legend {tise e6i bnw a 


_— 4 : ‘ ; » 7" . 
it Ava e sa ewe Ng GAWD, | 


ay 


eg bas. ores suse =, o>. 1e Per eres 


rid ni ee mm en ef at hea nod Sepa Oe 
~~ ” aa 


¢ 


~inonts4s | BD (ent Lio int 29784 Te Sehr > pag 


Fi ny 4 4 rag? Uw gue S| Pim ie ; | Pw q3 tae 2b ft | 


* 2) Sneul Tia 2" s2°Vo eRe aT spede ra 


ssabhenod Aobiw. volar? a9) te lLoansd av? -o88 
‘ e) ; 
soho DeteAGT eg F660 S16 Hote we éy 


ice (i 
we 


3 ant th 0! daugnee ¢ on 


jOpstews2 “ot moreye HOT 
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GGRay-von, 81975394 

Technically, a system failure can be said to occur when 
septic tank effluent is consistently applied to the soil- 
percolation field interface at a rate greater than it can be 
qecepteditanditransmutted byathe soil wbody aathhat is, the 
effluent is applied at a rate greater than the permeability 
Oofsthydrawlic condWetivitytofathermsormh. TArtdbiuire can talso 
be said to occur if the residence time in the unsaturated, 
unconsolidated portion of the soil is less than that 
required to purify the effluent. This is usually considered 
to be the case if lithic contact or the permanent or 
seasonal water table is within one metre of the trench 
bottom. This is especially important where the soil permits 
the very rapid through-flow of moisture. 

When a system fails because of slow infiltration and 
Overloading, the effluent will pond in the field and result 
in anaerobic, saturated conditions where the purification 
process takes much longer than in unsaturated conditions. 
Ultimately, the effluent may break through to the surface, 
or back up into the house basement. When failure occurs as 
a result of shallow unconsolidated and unsaturated material, 
non-purified effluent may be injected into local ground 
water supplies, or may move laterally along an impervious 
layer, later emerging as an effluent spring. 

Other kinds of systems do exist. Some are designed 
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some leaching cesspools. Others, however, are used to 
overcomeydit fiheultpsets of isoil conditionssi*Thesevinclude 
mound and raised bed systems, which will be described more 
fully later. In some areas, where potential 
evapotranspiration rates are very high, the bottom of the 
percolation field can be sealed off with material 
impermeable to water so that all moisture flow is upward. 
This type of system is not recommended for locations as far 
nortn7 as those in central Alberta, because of the short warm 
season. The evaporation beds, where possible, do provide a 
viable alternative to the more conventional systems, 
especially for sites with high water tables or with 
near-surface impermeable layers (Winneberger, 1974). 

In. oorthernvlatitudes;. suchvrastthatrotincentral tAlberta, 
freezing of the filter field may seem probable. However, 
unless the snowcover is very thin or has been compacted by 
foot ornevehicuilanrtratfic, usystemafreezing isgactually quite 
rare. Viraraghavan and Warnock (1973) monitored a system in 
northern Quebec over a year and found that temperatures 
within the drainage tile were constantly above freezing. 
Systems in Alaska were examined in another study (Hickey and 
Duncan, 1966) and these were likewise found never to 
freeze. Trampling the snowpack, though, may so increase its 
thermal conductivity that the field may freeze and be 
unusable until it thaws with the return of warm weather. 

When the effluent seeps out of the trench line and into 
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nitrates, ammonia, phosphates, hydrogen sulfide and water. 
As it moves through the soil it will be purified by 
chemical, physical, and biological means. Physical removal 
ore Suspended Solids by° straining, adsorption and 
sedimentation is important, but this also reduces the size 
of soil pores and channels. This often inhibits the 
efficiency of the system, but in the case of very sandy 
Soils may be beneficial (Machmeier, 1981). 

iresibacterimar population of the? ef Mvent!"nciudes 
essentially the same suite of organisms that is found in the 
human intestinal tract, many of which may be pathogenic. 
The soil body, though, is a hostile environment for these 
bacteria and with time they will die off (Reddy et al., 
1981). In unsaturated soil layers the organisms will move 
Only a few centimetres from the source. In saturated soils, 
they can move much farther (Reneau et al., 1975). 

Whether saturated or unsaturated, the degree of 
retention of the organisms is inversely related to the size 
ofsthe® parti<ies*mnaking up* the? soil matrix. "The* Tiner' the 
matrix, the greater the retention will be, mostly by 
physicadlyestraining* oute ther organisms. *einwzones: of 
saturated flow, sedimentation of bacterial clusters will 
occurs MAUdSOPDIT1 One Of i bacteri ayonton chargedsparticieées 
becomes increasinglysimportant as clay contentincreases. 
Under unsaturated conditions with long retention periods, 
the organisms will die. Thus, both physical removal and 


inactivation of the organisms affect the purification of the 
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etituenta(Reddytet dabi¢11981). 

A potential for viral contamination of groundwater also 
exists. However, the present state of knowledge of the 
kinetics and activity of viruses is largely based on studies 
of soil columns. Adsorption does appear to be the most 
important removal mechanism for these very tiny charged 
particles, but the exact mechanism is not known (Reddy et 
aie3/2982)% 

Another concern is that the viral particles may remain 
active even while they are adsorbed, and that they may be 
released if eluted (Hagedorn et al., 1981). Lance et al. 
(1976) found that polio virus could survive almost 100 days 
in sand flooded with waste. When deionized water was 
applied, the viral particles were desorbed. 

The nitrogenous compounds (amino acids, nitrates and 
ammonia) are metabolized by bacteria. Organic phosphates 
Ma yialsombeyiutila zeda byt bacteriara hs Chesisoid,rbutodnorganic 
phosphates will combine with calcium, aluminum or iron, form 
insoluble compounds and precipitate out of the soil solution 
(Lancege 197798 

The potential hazards are not limited to the 
transmission of water-borne pathogenic organisms. The 
contamination of groundwater by high amounts of nitrate can 
lead to a very serious condition in infants known as 
methemoglobinemia. While not usually:a hazard to human 
health, nitrogenous and phosphatic components introduced 


into surface water bodies may result in algal blooms and 
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consequent oxygen depletion and eutrophication of the water 
body (Alexander, 1977). 

If the depth of unsaturated, unconsolidated material 
below the trench line is great enough, then enough of these 
contaminants will be removed for the liquid to safely become 
part of a groundwater pool. The depth that is necessary 
depends on sthessail. In sandycor gravelly soils, the liquid 
will pass through very quickly, as the pore spaces are 
large. There will be less physical straining of the 
ChEruent than, ine finer soils. This rapidity: of ‘flow may 
mean that the field will never or rarely be saturated, but 
it may also mean that the effluent has not had adequate time 
to become purified before it reaches the water table (Bouma, 
1974). Intestinal bacteria may not yet have died and 
metabolism of the organic compounds may not have occurred. 
There is less surface area in sandy soils than in clay 
Soils, and unlike many clay minerals, sand-sized particles 
have low surface charge. This means that other charged 
particles, such as bacteria and viruses, will not be 
adsorbed to the same extent in these soils as in clay soils. 

In soilS with vhigh clay content spuriireataonaot the 
effluent may be impeded because flow around these 
microscopic particles is very slow. Passages may also 
become blocked by material contained in the effluent. The 
clay particles themselves may swell, absorbing water into 
theire structures suandscllose- onf. pores. “Unless seffluent js 


added very slowly, the soil will become saturated, and 
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SoOLbelo GsacceDtE andr transmit. water “is. thus ca avery 


aspect to consider 


in designing a system. 
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an MOISTURE FLOW 


Moisture moves through a porous medium such as soil in 
response to driving forces. These driving forces are 
differences or gradients of elevation and of water 
pressure. In saturated soils the water pressure is 
positive, and is expressed most simply as the depth of a 
point in question below the surface of the water table. 
This depth is known as the pressure potential of water at 
thatrpoint. 

[fothe xsol leis hunsaturdted Jsethen senengyamus ty be 
expended to withdraw moisture from the soil. This is a 
negative water pressure, known as matric potential, or also 
as suction or tension. This potential is usually expressed 
in the dimensions of a distance or length. Any point in a 
soil has a particular gravity potential based on its 
elevation above or below a reference datum level. The datum 
level location will not affect the gravity gradient that 
would be calculated, since only the elevation differences 
are considered. 

In a saturated soil, the flow of water from one point 
to another in one direction can be described by Darcy's Law 


qSis 


where q 1s the morsture flux imecentimetres per second; tnis 
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Gradient se jhe term, dH, ist the® changefanttotanesoil water 
potential, including matric or pressure potential and 
Gravity! potentialsa. Thdstchangesinipotential*is divided by 
the distance (dz) between the two points, in this case in 
Cherverticabei(zoedirectionst's The proportionality constant, 
Ke eis’the hydraulie) conductivity; ’and+this also has the 
units of velocity, cm/sec. The equation is made negative as 
the flow is in the direction of decreasing potential. 

This equation’is subject*to several’ conditions.) Asi at 
is written, the equation only describes systems where 
conditions are saturated; flow is in one direction only; 
temperature is assumed to be constant at all points; and 
flow is assumed laminar rather than turbulent. That is, 
adjacent volumes of fluid move in a regular manner with 
respect to each other (Hillel, 1971). 

When the soil is unsaturated, hydraulic conductivity 
will change. As the moisture content or the soil water 
potential decreases, hydraulic conductivity also decreases. 
The effective cross-sectional area for liquid flow is 
reduced by the presence of air in some pores. Also, the 
tortuosity and hence the length of the path that a particle 
must follow to get from one point to another is increased 
(Ha be tyeo7 1) 

Hydraulic) Conductivity? decreases trapidlyrast the sod 
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pores, (thegponesthat vpermit«thesmostarapid fluxes? Loss of 
these pores from the flow system affects hydraulic 
conductivity. Also, certain channels and pores may he 
divorced from the continuous network by air bubbles. These 
isolated, unconnected pockets of air further reduce the 
nydpaukticnconductiwatyd( dikbel f1b97 LE). 

The relationship between hydraulic conductivity and 
malms.ctuke content or matric potential varies from soil to 
SOvMsHeach  Sttuatiomints uniaues) shydrawlio condterivitytTis 
influenced both by texture and structure of the soil. 
Texture influences not only total porosity, but also pore 
spzepvuwhichseisncriticaletotde termi ninashydraulie 
Gondwetivity. (_Lints atchayrsonh;ewiththigm perosity but very 
fine pores, will have a lower conductivity than a sandy soil 
with lower porosity, but larger average pore size. 

Hydraulic conductivity is commonly WOae todl073acm7seatfor 
Sandy csotls, awhihesformicltay’ soils @it tranges: from O>4eto 
1Oe/scm/seeatChhl wel}. ¥971)n 

Intstnongly tpeda besos e0sorks with strong structure) 
hydraulic conductivity is generally greater than in 
non-pedal  sotiss ‘Structure chas ‘been defined as octhe 
ohysiieahaconst ieutiongof sapsalWinatentalsasitexmpessedrby the 
size, shape, and arrangement of the solid particles and the 
voids. Particles include both the primary particles that 
form compound particles and the compound particles 
themselves" (Brewer, 1964). 
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along large channels or macropores that may include 
interpedal voids, root channels and worm holes. Hillel 
(1971) believed that such macropores would not transmit 
water if the soil was not saturated. Other authors (Thomas 
and Phillips, 1979) disagreed, and observed tnat 
gravitationally induced water flow could occur in macropores 
while the moisture content of the soil was well below field 
Capacity. 

Hillel's viewpoint is consistent with the theory of 
\beStonehike infiltration ofisodiiwatersinAccordingstoy thi-ss 
a distinct wetting front will appear, and the maximum soil 
moisture content will approximate field capacity. Thomas 
and Phillips (1979), though, note that the degree of this 
Simple, piston-like flow will depend on the degree of 
Structure and on the rate of water addition. For example, 
if there is strong structure and sudden addition of water, 
then nearly all the water will flow through the macropores. 
The soil matrix will wet up more slowly by radial movement 
of moisture out from the macropores. 

Later, Hillel (1980) recognized that complications will 
arise when water is introduced to soils that experience 
shrinking and swelling, especially when cracking occurs. In 
these, the soil will behave as separate columns. 
Infiltration and flow in such soils, where the cracks may be 
very deep, will bee very. different. from the, orderly 
one-dimensional process. With reswelling, the cracks close 


and the columns coalesce. Until this happens, though, the 
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Surface zone will be bypassed, as the water moves directly 
intboethne cracks. to be absorbed at. .greaterrdeptn. 

The potential for this rapid flow through macropores to 
deep levels can have some serious implications for 
contamination from percolation fields because of the short 
residence time in the soil. Effluent may at times be able 
to move to considerable depths. However, it would be 
unlikely that the soil beneath a percolation field would be 
dryenough to’Showl'such® cracking. Contamination of ground 
water would be more likely in soils having strong structure, 
buts Tackings significant’ amounts of swelling® clay. 

Darcy's Law as stated applies to a homogeneous medium. 
However, layered situations such as the solum, can be 
handled by treating each layer or horizon as a separate 
homogeneous medium with a new set of boundary conditions for 
each. 

The presence of layers with dramatically different 
hydraulic conductivities almost always results in the 
reduction of the total flow through the system. A "slow" 
layer beneath a "fast" one cannot accept and transmit 
quickly,\ ande thus reduces overal 1ticonductivitysy Ae eirast™ 
layer beneath a “slow" one also experiences reduced flow. 
The’ ™siow’ Vayer Witt" not” be” able to” suppl y™enough® moisture 
to keep the underlying layer saturated. The unsaturated 
CONCUCTIVItTY OTM une! tast “layer® 1S#1essetihany 10s saturated 
Conductivity; and overall conductivity? through® Hoth layers 


is* ‘again reduced: 
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3% INFILTRATION 


Infiltration is the term used to describe the entry of 
water into the soil at some interface with the surface. The 
rate at which water enters the soil. is the infiltration rate 
and? isrequivalenteto. theefilux*terme(q)tini the’ Darcycfiow 
equataons 

If water is supplied to the soil surface at a gradually 
increasing rate, eventually a critical rate will be reached 
such that the surface cannot absorb the water as quickly as 
it is added. If water is added to the surface at a rate 
Slower than the critical rate, then the infiltration rate 
will be controlled by the rate of supply. If the critical 
rate is exceeded, then the excess water will pond in 
depressions on the surface or will run off downslope. 

If a shallow layer of water is added and maintained at 
the surface, the infiltration rate will not remain constant 
as time passes, but will instead decrease. The initial 
vVahuesiscaatuncttonwoft sinitdal gmoisturelcongentsetextures 
andustructure.saitheminftiiérationeratendecreases 
monotonically and asymptotically approaches a constant value 
as time goes on. This value is the final infiltration 
Capacity and is independent of the initial moisture content 
CHa ld ed 49 1980) 

The decrease in the infiltration rate may be partially 
attributed to sealing of the surface, by swelling clay 


particles, air entrapment, or pore blockage by transported 
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particles. However, most of the decrease is due to the 
decrease in the driving force to water flow, the matric 
Potential ‘gradient. ‘Initiably there willbe <a very strong 
gradient between the wetted surface and the drier soil 
beneath. As the wetted zone deepens and the liquid 
redistributes itself, the matric potential differences will 
become very small, or disappear altogether. In a horizontal 
COLUTNIMOF sidithl ithe Sinfil tration erate will tend toward 
ZeTrO). In a vertical column, steady flow will occur at a 
rate controlled by gravity. When the profile is homogeneous 
and structurally stable, this rate will approximate the 
Saturated hydraulic conductivity (Hillel, 1980). 

When septic tank effluent is applied to a soil surface, 
Che tama) sinht l\Crarrvonicapaci ty will be less«than: that. for 
pure water because of the development of a physical barrier 
on the base and side walls of the tnenchesad erhvsiibarmier #1s 
a biological crust or mat, which develops under persistent 
Coniditionseof. rsiaturat ionn(Boumaret taheoy b9A2) - heationms by 
pore blockage, by the straining out of large particles, or 
by compaction and smearing of the trench surfaces during 
cénstiructians elonivéexchangerimady aliso abesaofdction vinethat low 
concentrations of sodium, such as may be introduced by water 
softening, may lead to the dispersion of clay aggregates. 
The clogging may also be enhanced by the swelling of the 
clay-sized particles. 

The most) importanteifacvon, ihowever, simpthe geormation of 
the *biological matris the development of racslimy «black 


concentrate of organic matter and associated mineral 
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collopusivendemeroorganismss: )) This biol ogi calkiclogging is 
thesresult of bacterial growth and the accumulation of 
Hutrienty subsipater inethei:sodd. .porese(Boumaget alas} ade72)* 
The responsible bacteria are anaerobes found in the 
effluent. These are able to survive because the soil in the 
crencheasybeingmcontinuaidy ianundatedkin}Auby -—pmoduct of this 
biologically active layer is ferrous sulphide which is 
insoluble and also plugs the pores. 

Where the soil is naturally well drained, the horizons 
below the impeding clogged zone will be unsaturated and 
hence the flow through them will be less than through the 
soil when saturated. In a sand beneath a clogged mat, the 
Flow may only be one percent of the saturated flow through 
the same sand (Tyler et al., 1978). 

The existence of this mat may be an advantage under 
certain circumstances, such as in sandy and gravelly soils 
with excessively high hydraulic conductivities. Since flow 
beneath the crust is much slower, there will be greater 
Opportunity for close contact between the effluent and the 
soOillapartichessyeThereawidde bey timeifofereactions tod occur 
at the particle surfaces and in the air-soil solution 
interfacesui | Thescrustemaytalsotreducesthe napidamacropore 
flow, allowing better treatment. However, this effect will 
only be felt after a year or two of system operation 
(Simmons and Nowland, 1973). Even then, unless the crust 
develops evenly, the effluent load may simply be 


transterreduto uncerusted= parts sof the percolation. field. 
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4. PEREGO MBASUREMENT. Om -SO RL eMObS TURE dMOVEME NT 


Many different techniques and devices are available for 
the measurement of hydraulic conductivity and infiltration, 
and several can be used to determine both. In the course of 
this study, three different field techniques and two 
different laboratory techniques were used. A brief summary 
of some of the various approaches therefore is in order. 

For flooding type infiltration rate techniques, the 
plot area is bounded by a wall of some impermeable material 
Sociihatiiwatericam.be ponded above it. A constant head js 
maintained at the surface while the rate of water use 
required to maintain that constant head is recorded as the 
water intake. Evaporation, under most conditions, is 
considered negligeable. 

The cylinder type is the most common flooding 
infiltrometer. It exists in a variety of forms and sizes. 
Single and multiple concentric cylinders, weighing 
lysimeters and drainage lysimeters are all used. The single 
cylinders are easily managed by a single operator and are 
cheaply manufactured. However, the rate of water intake per 
unit area will vary markedly witth the size of the cylinder, 
decreasing as cylinder diameter increases. This is caused 
by the decreasing effect of the lateral movement of water as 
diameter increases. Graphical and statistical techniques 
(Hil lst E97) oulimicke mes 89 18)P haireruay.a ithabilkesttol corirecti ifior 


lateral flow. 
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Other researchers have circumvented this problem by 
using double or concentric cylinders, with intake measured 
in the inner ring. Water is maintained at the same level in 
EHeLOuUterR Kingeastin therinnen, toeact sas savbuffenwzones 

The double ring infiltrometer has been used in 
association with multiple-depth tensiometers (Ahuja et al., 
1976). The tensiometers permit the determination of 
hydraulic gradients below the installation. Once these are 
Known, the vertical and lateral flow components can be 
assessed, along with saturated hydraulic conductivities for 
Gach: sori? horizon. 

Bouwer (1961, 1962) was able to determine the vertical 
components of saturated hydraulic conductivity by using the 
double ring infiltrometer and manipulating the water levels 
in both the inner and outer tubes. Hillel and Gardner 
(1970) Osugqgested "modifircationseto thistapparatustse that 
unsaturated hydraulic conductivities could be measured in 
SituceiForetniseproecéedane;esandsandagypsumrcrusts were 
apptiedito thersurfaces offatcarvedtoutesorl columnithat was 
encased to prevent any seepage. A measured head of water 
was then maintained at the surface, resulting in unsaturated 
conditions below the crust at a tension monitored by 
tensiometers. The rate of water intake could be directly 
related to unsaturated hydraulic conductivity at that 
particular soil moisture tension. 

In the pump-in well technique, saturated hydraulic 


conductivity (Ksat) is found from the rate of flow of water 
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out of an auger hole. The hole is dug to the desired depth, 
filled with water and maintained at an arbitrary depth until 
flow into the soil becomes constant. This test measures 
Ksat in a horizontal direction. Several days of pumping may 
be necessary before equilibrium flow is maintained. 
According to Bouwer and Jackson (1974) in the order of a 
cubic meter of water may be required for the test. 

For the cylinder permeameter method, infiltration 
gradient method, and the air entry permeameter method, 
hydraulic conductivity is found from the vertical 
infiltration rate and from a measured hydraulic gradient. 

For the cylinder permeameter, an infiltrometer of 
fairly large diameter (50 cm) is installed in a hole dug to 
the depth of which it is desired that Ksat be known. 
Tensiometers are installed with the ceramic cups at about 20 
cm below the soil surface. Water is applied to the cylinder 
and maintainedPatsiaidenth ofcabodt PSicmenaSatunattenris 
assumed when the tensiometers indicate a pressure head of 
zeros *Theeinfiiltration rate isfmeasured’) at thise@time)s 
before positive pressures can develop. The hydraulic 
gradient is calculated from the water depth in the cylinder 
and the depth and pressure head of the tensiometers. K is 
then calculated trom the Darcey flow? equation.) =the test 
requires several hours to set up and run, and several 
hundred litres of water. | 

The infiltration gradient technique is a modification 


of the cylinder permeameter method. Two concentric rings 
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arevinstalled inoan*: auger hole, and small, fast-acting 
piezometers are pushed into the soil by increments so that 
the complete vertical hydraulic gradient may be obtained. 
In this way, the vertical flow in the soil below the hole 
can be determined, and the effect of surface sealing of the 
soil on the measured value of K can be eliminated. 

When the air-entry permeameter is used, hydraulic 
conductivity is derived from the Darcy flow equation. The 
technique, as first developed by Bouwer (1966) required as 
mputean, infiltration cate: obtained under high head, and) a 
hydraulic gradient measured indirectly by observing the 
depth of the wetting front. The air entry pressure at the 
base of a wetted column of soil is used to estimate the 
water entry pressure at the wetting front. The water entry 
pressure will always be less than the air entry value 
because of hysteresis (Bouwer and Jackson, 1974). 

A cylinder is driven into the soil and then covered by 
a plate with a vacuum gauge and a standpipe and reservoir. 
Water is applied to the soil surface, while the air above 
the soil surface is vented through a purge valve. With the 
cylinder full, the purge valve is closed, and the reservoir 
kept full to maintain a head of water of between 50 and 100 
Cm. 

When the wetting front is expected to have reached the 
lower end of the cylinder, the infiltration rate is 
determined by stopping the supply of water to the reservoir 


and measuring thee mate. Omrfall of water in it. The ‘supply 
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valve is then élosed..in effect: freezing’ the position of the 
wetting front. The water pressure inside the cylinder will 
become negative, reach a minimum, and then begin to increase 
as air bubbles up through the wet soil into the cylinder. 
The minimum pressure head is recorded by the vacuum gauge. 

To Heteen ice the air-entry value, the minimum pressure 
head must be referred to the position of the wetting front. 
Originally, this was determined by pushing a rod into the 
soil and noting where the penetration resistance began to 
increase, or by digging into the soil to observe the wetting 
Porte visually. "-ETther way, the  soil.umust. be: quite dry 
betore-<the test. 15° run. 

Topp and Binns (1976) introduced a major modification 
in the form of a small diameter, fast-response tensiometer 
probe. 4 This. Vs: inserted through the cover plate-to-a known 
depth. As the wetting front passes, the tensiometer reading 
will suddenly decrease. The water supply is then cut off, 
and the air-entry value determined. The depth to the 
Wetting: Tront. cam thus be more: accurately. measured. yt 1s 
aisor DOSS. Dile sbo scarry Out the teste im umiche moisver tsioils 
than where direct observation of the wetting front is 
required. 

So long as the wetting front has not advanced very far 
beyond the bottom of the permeameter cylindar, one 
dimensional flow can be assumed to prevail, and the air 


entry value and K can be calculated from: 
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Pa = -Pmin + G@+eee 


KWesOdH MOYVAZGLtRRSsh (4, thea LereD ara ) 
dt Rce2 


Whelet Pal 1S tne salir entry)-value 
Phin iS minimum pressure in cm H20 as determined by the 
maximum reading on the vacuum gauge. 
Gis the height of the gauge above the soil surface. 
AZ is the depth LOC Ene ewe tigi Om ceri ee ii. 


dH is the rate of fall of the water level in the 


t 
reservoir just before closing the supply valve. 


Ht is the height above the soil surface of the water 
level in the reservoir when the supply valve is closed. 

Re PS tne vad hus Ol;stnewreservoirs 

Re is the radius: of the cylinder. 

The water entry value, which is the pressure head at 
the bottom of the wetted zone during infiltration, is 
estimated by taking one half the value of Pg- 

The value of hydraulic conductivity calculated here 
will always be less than Ksat because of air entrapment. 
Bouwer (1966) estimates that it is one-half the value of 
Ksat- Topp and Binns (1976) found good agreement between 
laboratory determinations of K from undisturbed cores and 
those calculated from the air-entry permeameter. The test 
takes from half an hour to a few hours to complete and only 
requires about 10 weres. of water. [ne “combined speed, 


accuracy, and low water requirements favor this method 
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over other methods. 

Another water movement test is the percolation test. 
This test was first devised by Henry Ryon in the 1920's to 
determine allowable effluent application rates to soil. 
Results of this test are required by law in many 
jurisdictions before installation of a sewage disposal 
System will be permitted. Theoretically, though, the test 
does have some serious flaws. 

The test has many variants, but according to the 
Alberta Department of Labour, Plumbing Inspection Branch 
(1977) a cylindrical hole 20 cm in diameter should be 
augered to a depth of 100 cm. Water is added to the auger 
POLemand maintained: an ieainci le the surrounaging. sod leas 
Saturated. The time required for the water level to drop 
One centimetre is monitored until the rate of drop becomes 
Constant. Inis; constant “dmop* rate is) knowniase the 
percolation rate. 

As Anderson et al. (1978) comment, the percolation test 
measures the rate of flow from a hole dug in the ground. 
This rate depends not only on the hydraulic conductivity of 
the soil, but also on the shape of the hole, the depth to 
water table, and the moisture content of the soil around the 
hole. None of these is parameters measured independently as 
the test is carried out. Thus, the relationship between 
hydraulic conductivity and the percolation: test is: not 


clear. 


The test results cam also be manipulated by conducting 
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the test during dry weather. These rates will be very 
different from those of a test carried out on the same soil 
during a wet season. However, the simplicity of the test 
makes it very attractive. When conducted in the wet season, 
With the water table at least 6 m from the bottom of the 
hole, the a nee can be used to estimate the required 
absorption field size (Anderson et al., 1978). By itself, 
though, the percolation test is not an adequate measure to 
determine the suitability of a site for effluent disposal 


eRarkers yl 977). 
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Di. EVALUATION OF LAND FOR ON-SITE SEWAGE DISPOSAL 


In the past, proposed sites for sewage disposal have 
been evaluated in many ways. Allowable ranges of soil and 
landscape properties have been established under some 
sehemes; using a pass/fail approach., In. other «systems, 
where regional planning is the concern, areas may be rated 


as limited for sewage disposal. Still others attempt not 


only to assess the limitations in an area but also to define 


corrective measures and costs. 

On-site sewage disposal systems can be installed more 
successfully and more cheaply on some sites than on others. 
For the sites with conditions less appropriate than the 
ideal, special design considerations can overcome most 
Git fyi cua t ess pbut gatina cast. 

Among the factors that should be considered in a site 
evaluation are the area requirements, landscape 
characteristics, geographic considerations, geological 
Gch emiica les .phy silica Narandies tritiet wr al) ucwaralet entsst ilies oF son'] 
characteristics, topography, and groundwater patterns 
(Parken) 197.6) wauiite, autihomesconsiders: text wre yechamgeist 1in 
tex tuneswithudepthys istnuctureyrcolboms cohomepattennisi, cand 
bedrock conditions to be the important soil profile 
characteristics. Other important soil properties to assess 
are hydraulic conductivity or permeability and Atterberg 
limits. The latter would give an indication that special 


construction techniques might have to be used (Machmeier, 


1981). 
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Lhe required field ,area will, be least -on stable, gently 
SHORING HSURRaceSsthat.are not,.subject to.filooding., At «least 
180 cm of well-drained permeable soil, free of coarse 
fragments, should overlie a consolidated or saturated 
layer. The required area increases as slope increases and 
solum thickness, depth to groundwater, or permeability of 
the soil decreases. The area requirements will also, of 
course, depend on water use and number of people of the 
household, and hence the expected load (Alberta Labour, 
kOTH) 

Landscapes that show evidence of downslope mass 
movement should be avoided. Floodplains and slopes 
associated with springs and seeps are also unsuitable. 
Slopes of more than twenty percent will be difficult to deal 
With and certain slope forms are more appropriate than 
others as runoff will be more rapid from convex slopes than 
concave slopes (Parker, 1976). 

For the geographic considerations, an estimate should 
be made as to whether the future population density of an 
area will be substantially aCe than the present. A 
marginal site may be approved because the present population 
is sparse, but problems may appear as the population density 
increases (Parker, 1976). 

Important geological »characteristics include the 
physi¢cal and: chemical, chanacheristicspofgthe. bedrock, pits 
structural»properties, and, the»rregional,topography.,-If the 
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tne soil, then the ability of* the* bedrock® to* purify ert |luent 
Should be considered. It should have permeability within 
the proper range, and faulted or jointed bedrock should be 
avoided, since this may allow effluent to pass through 
without undergoing any puriTication at all (Parkers 19756 ) - 
The dominant direction of groundwater flow (whether the 
Site is in a recharge or discharge area) must be 
established. Areas of discharge, where water is moving 
upward, may not allow adequate treatment. The seasonal 
height of the groundwater table should be determined. This 
is most easily done by examining the soil for the presence 
of mottles or gleying. Dull or grey colors signify extended 
period of saturation, while mottled grey and brown or rusty 
colors show alternating periods of saturation and aeration 
(Machmeier, 1981). 
The Manual of Septic-Tank Practice, developed by the 
U.S. Department of Health, Education and Welfare (1969), has 
had a strong influence on site approval procedures in many 
suUrisdictions®= ine the United States’ and*Canada: “According to 
the Manual, a site is suitable for on-site sewage disposal 
when: 
19 the capacity* of the® sori to tiransmitet quid 1S 
expressed by a percolation rate of no slower than 
60 min/inch or 24 min/cm; 
14) Pat Aeaste 90. cm OTPUNSaturatedr soil? must* be present 
between the bottom of the trench and lithic 


contact or groundwater. The groundwater level may 
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be within this range only at the wettest time of 
year. Mottling is sometimes permitted as an 
indication of periodic saturation; 

iii) slopes must not be excessive, nor should the site 
be located Ona fl0.00.piladin wie ne nitied.S.SUDg.e.Cctut0 
frequent inundation. 

Slight variations to these guidelines have been 
developed. For example, a lower limit is also often placed 
on the allowable percolation rates to avoid excessively 
CapiaimOW Ofatne ‘eff iiuent through the soils, Most Joften, 
COUSoeeiMmit ws placed fatig2 min/cm, as tn Ontario 
Cenvironmental Protect ionwAct.¢ 1971,). 

The major problem with this approach is that it is a 
pass/fail system, and apparently does not recognize that 
corrective action may be possible in some cases, although 
perhaps at some extra cost. 

The U.S. Soil Conservation Service uses the concept of 
limitations .ine determining site. suitability for ‘septacattank 
ADSORPL TONE Pe lds.s Lhe en) teridaLareestated” 1awhab leach oa and 
are essentially similar to those given by the USDA. The 


Overall! goal is to iwive uniform meaning torthersilaght:, 


moderate, and severe ratings assigned to soil series. These 


ratings usually appear as tables in soil survey reports. 
Theveratings do not take» the place of site-specific 
information, but will be especially helpful in planning for 
development. 

Soils with -sttgnts lemitations have properties well 


Suited. to: use for err vent disposal. Soils with moderate 
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TABLE 1. Ratings of soils for effluent disposal in septic tank seepage 


fields according to the U.S. Soil Conservation Service 


(modified after Olson, 1981) 


Factor affecting use 


Permeability class 


Water Conductivity 
rate 


Percolation rate in 
auger hole 


Soil drainage class 


Flooding 


Slope 


Depth to hard rock 
or impermeable 
layer 


Stoniness and rockiness 


Soil limitation rating 


Slight 


Rapid,moderatel y 


rapid 


>2.5 cm/hr 


> 18 min/cm 


Well drained, 
moderately well 
drained 


None 


0-8% 


>iesam 


None 


Moderate 


Moderate 


1.5-2.5cm/hr 


18-24 min/cm 


Somewhat poorly 
drained 


Rare 


8-15% 


1.2-1.8 m 


Severe 


Moderately 


Slow, slow 


<2.5en/ nr 


< 24 min.cm 


Poorly 
drained, 
very poor- 
ly drained 


Occasional 
or frequent 


>15% 


<LACI iH 


Many 
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limitations are moderately favorable. The limitations can 
be overcome or modified by special planning or 

maintenance. Soils with severe limitations have one or more 
unfavorable soil properties for waste disposal. These 
limitations will be difficult and costly to overcome. For 
some severely limited soils, it may not be possible to 
Overcome the limitations. 

This approach and these criteria have been widely 
applied in American soil surveys, and also in several 
Canadian studies (Simmons and Nowland, 1973; Greenlee, 1973; 
Greenlee, 1976; Coen and Holland, 1976). Other 4 
modifications have also been made to it. For example, in 
the Soil Survey of Waterton National Park (Coen and Holland, 
1976), an “unsuitable" category was added for mapping units 
where it was physically impossible or economically 
impractical to use the soil for septic tank absorption 
fields. Such areas had at least one of the following 
characteristics: os lopesugréeatersthan 30%, very. tow 
permeability, annual or more frequent flooding, or depth to 
hardrock, bedrock, or other impervious material less than 24 
inches. 

In some of the older American soil \surveys, 
inconsistencies have been noted between the properties of 
some soil series and the ratings applied to them. These do 
not match the ratings that would be given by ‘strictly 
adhering to the guidelines (Gordon and Gordon, 1981), 


largely because of interpretation by the mapper. Analysis 
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Showed that the guidelines were more conservative than the 
series ratings, but overall agreement was very good. More 
recently, there has been greater consistency in the 
interpretations since data files for each soil series are 
now established and consulted as they are mapped (Gordon and 
Gordon, 1981). 

Simmons and Nowland (1973) produced an interpretive map 
om tuner Sotksson Nova Scotia for planning for septicistank 
System installation. They recognize eleven suitability 
categories, each of which is associated with a different 
COmMDIMaL On sole LIMULinad Situations.a@ The map -aliso indicates 
the likelihood of randomly selected sites to be affected by 
ang, Of, the slimi ting Situations. Table 2 1s a ‘summanmy of / the 
Gazegoriess-limitations, andéeprobabi lity ratings: of? the 
System. The authors have deliberately avoided use of the 
"slight, moderate, severe" terms since they recognized that 
modern technology was capable of developing sound systems 
under most sets of circumstances. 

The probability ratings indicate that, for example, in 
Garedory- ly) withe dn 85% suitability ratings eeout Of 20 
random locations will be unsuitable for some reason. For 
Gategory 53 Solas Oven90% ofa the ameaneangoemexpected To 
have percolation rates slower than the accepted standards. 
Ninety percent of the area, not necessarily coincident with 
the other 90%, is subject to prolonged periods of high soil 


moisture. 
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Miewerivenlartor the limitinguvtactors. are,vconsistent 
with the USDA and US Soil Conservation. Service guidelines. 
hese sare, sinsfact, the regulation, according to the Nova 
Scotia Department of Health (Simmons and Nowland, 1973). 

The system was scaled to 1:50,000 maps, and also 
generalized to~l:250,000 to’ show gross trends and 
relationships. The main function of the smaller scale map 
ismas an educational tool. At. 1:50,000) the -delineations 
Cannot show individual lots, as the average minimum 
delineation would encompass about 25 ha. However the maps 
indicate to Public Health Inspectors the kinds of 
limitations’ that” they “canwexpect:to- find. ——-Simmons-and 
Nowland (1973) reported that the Nova Scotia Department of 
Health had, at the time of publication, requested that these 
1:50,000 map sheets be made available to health inspectors 
in the province. The authors hoped that the use of the maps 
would reinforce the decisions of health inspectors when they 
rejected applications for marginal or unsuitable sites. 

Bouma (1974) used a similar approach in Wisconsin, but 
tooksitea cotepsfurther, Once theskind™and severity of 
limitations that a site might have are defined, specific 
alternative “construction and management packages" are 
prescribed to overcome them. Figure 1 illustrates some of 
the Slimiting satiuatrons;.and therscorrectives action. 

In the event of thin, permeable soil overlying creviced 
bedrock (situation 1), pathogenic well-water pollution could 


easily ‘occur 1f ~awconventionalysystem "is "Wsed’S¥ To: prevent 
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Figure 1. Schematic diagram of on-site disposal systems of 
septic tank effluent, comparing present and new technology 


(modified after Bouma, 1974). 
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this,,a.seepage bed canbe .installed on top of 60.cm of sand 
PVibepkacedgon -the,.soil surface.  Suchea mound .system.can 
also be used to overcome the limitations of slowly permeable 
Soils where the water table is no closer to the surface than 
SOPCOPSTLUAL Ota 4e 2). sIWIS Wild prevent ethe possibility of 
puddling of the soil surfaces during excavation, and also 
avoids the problem of excessive obstruction of flow into 
Loamy yaad, clayey .soiis by. biological sclogging. 

For areas subject to high groundwater levels (situation 
5b), the situation may again be improved by raising a mound 
above the surface and installing the system in it. 
Alternatively, it may be possible to artificially drain the 
Surrounding area and thereby improve conditions. 

Management is also a consideration. Reduction of 
biological clogging can be achieved by allowing the system 
Deniodsy of, aerationw(situstion.3).1.40, an oxidizing 
environment, the clogging components will break down and 
permit freer moisture flow. 

Bouma also suggests that it should be possible to 
extrapolate the rating from one site to others with key soil 
DEONertieSe Salil Lape tOLthose Ot the) fir sla sien oie proposes 
rhirec.app roa CheSmd OmdOut Nise. pNeas ist. Ded recet hat war nese 
key properties be emphasized and evaluated at experimental 
sites where the innovative disposal systems are being 
tested. The same key properties would then be assessed at 
Gach. futures sate, eamdeaced in, comparison. with the 


experimental sites. 
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A second approach is to compare the taxonomic 
Ghassittcat won oT the twovstTtes > ° lr they -aretthe* samey then 
Te IS*© assumed that it’should' be possible to extrapolate the 
technology used at one site to the other. 

In=tnhee Tht td approachs> the" kéyr properties of sites in 
mapping units named for the same soil series are assumed to 
be identical. 

The key properties used in the first approach were 
nydrauwiltc\conductivicy chaPactePpistites.,, *oceurrences of 
groundwater, and site factors such as slope and landscape 
form. For extrapolation to any new site, hydraulic 
conductivity curves (relating K to a range of moisture 
content and tensions) would be necessary. This is an 
effective, but time-consuming procedure. 

The assumption that key soil properties of a site can 
be adequately estimated by extrapolating measured values of 
these properties from another site with the same taxonomic 
classification is partly realistic. Groundwater and bedrock 
levels are included in soil series definitions. However, 
hydraulic conductivities for different pedons in the same 
soil series may vary widely. Textural differences that 
could impede or obstruct absorption may appear at depths 
exceeding 1% 5°m, and’ wou ld* not® be’ represent ed? as*a-iphas e* of 
the*soi?} series*% 

When the series or the phase is well characterized and 
where detailed information on the variability of the key 


properties is known, then use of this extrapolation method 
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Should be quite successful. The soil at each site would 
have to be classified according to the accepted taxonomic 
scheme (U.S. Soil Taxonomy, in this case). Property 
variability for the series would need to be assessed. If 
Sufficiently low, then direct interpretation might be 
possible without actually testing at the site. When the 
Property variability is very low, the soil series or phase 
could be directly associated with certain system types. 

The third extrapolation technique should be acceptable 
GHeVehWEeMapp Wag éuUmTLES ,cOoNntain: | fewatne ll uUsirons s farhns 5 
according to Bouma (1974), means that nearly all of the 
delineated areas will consist of soils that fall within the 
definition of only one series. The variability of 
properties within mapping units is not usually well-known, 
despite being assessed more commonly now than in the past. 
Scale is also a problem since, except for very detailed 
maps, units of less than one hectare cannot be shown. The 
absorption bed areas, though, are only about 90 m4 @8or BAG 
ha. 

The use of the taxonomic extrapolation would be more 
economical than actual measurement of the soil properties. 
Soil maps can be used if they are fairly homogeneous. 
However, the variability of the properties should be better 
known before they are usied for regulatory purposes or for 
demonstrating the impact ‘of new technologies on land use 
patterns. 


The University of Minnesota Agricultural Extension 
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Service (Machmeier, 1981) uses a very site-specific 
approach. The Extension Service has produced and 
distributed clear and comprehensive information and 
instructions on the proper design, installation, use, and 
Maintenance of on-site sewage treatment systems. It is 
intended to present treatment solutions for all combinations 
Of soil and site conditions likely to be encountered in the 
north-central United States. It avoids designating areas as 
being slightly, severely, or moderately limited; rather the 
alternative construction requirements for different sites of 
conditions are offered. 

Other evaluation techniques attempt to determine not 
only*soil*©ratings*and construction "methods, * but alsostne 
cost of the construction. McCormack and Johnson (1982) 
report on the determination of soil potential ratings for 
onsite sewage disposal in Leon County, Florida. The soil 
potential ratings are classes indicating the relative 
quality of soils based on their performance when feasible 
corrective measures are used to overcome the soil 
Timreattons. “Performance vevetsy’ the “costU"oreapplying the 
modern technology to minimize the limitations, and the 
longer term adverse effects of the soil limitations after 
the technology. issappliied.are all sconsidened \py=atteam of 
SGiliscientists wand’ local expertso> Thessoivesciengist 
identifies the properties of the soil and makes certain that 
the local team of experts understands them. The local 


experts make all other decisions. 
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A systematic procedure is used to establish the soil 
potential@ratings. These are expressed in a five-class 
system, weryehigh, nigh, medium, Tow, and’very low. A soil 
potent ialgindex) 1s calculated@for each soilk and classes fare 
assigned to selected ranges of ‘the numerical’ SPL. ThesSPI 
(soil potential index) is calculated from SPI = P-(CM + 
CL), where P is the performance standard, CM is the index of 
costs of corpmective measures, and CL is the index of, costs 
besulCingwiromicontinuing limitations. 

To determine the ratings, the team follows a series of 
Steps in a fixed sequence: 

1. Define land use. This establishes P, the 
performance standard, by defining the specifications, 
including cost, of the standard septic tank absorption field 
imnstalkation in Leon Wounty; Florida. (For the ustandard 
three bedroom house, a 900 gallon septic tank with 
Gist ributhwon boxj-and #4008sq.: ite of absorption fields at an 
installed cost of $800 is assumed. 

Cc. sldenanLy: .localesotl) properties tnatylimitaruse . 

These were, for Leon County, water table depth, 
permeability, slope, and flood hazard. 

3. Determine ranges of each soil property or conditions 
that determine the degree of limitation and that help 
identify the kind or specifications of corrective measures 
(CM). An example is given for water table depth in Table 3. 

4, For each soil condition, determine the limitations 


that continue after feasible corrective measures are 
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mistalled PEGE wm) Intensive discussions «dealtiwith the 
Wooations Ofii:faiture and successes of local installations 
ang the Soilis*onswhich they occurred. 

5. Determine the costs of each corrective measure (CM) 
and of the continuing limitations (CL). These were assessed 
by the local experts. These were often costs of 
maintenance, but in other cases represented the degree of 
aggravation or discomfort to the homeowners or community. 

6. Devise an index system through which the values of 
Gieand Clyanre. placed con a uniform soale compatabie, with the 
value of the performance index (P). For simplification, P 
was set at 100, and CM and CL were determined by multiplying 
thew costs by (0.025. 

7+ Determine classes of tsoid and site conditions of 


each soil'imapping unit for each evaluation factor. 


8. Determine the effect of each soil and site condition 


On the function of the system, assuming standard 
installaion. For example, Table 4 indicates that 
contamination of the water table and difficulty of 
installation are possible effects of a high seasonal water 
table. 

9. Identify feasible corrective measures (CM) 
conmtinvingw| imaitacwons (CL )@and cost's: Tor eachp him ting soil 
or site condition of each mapping unit. Possible combined 
effects of the Wimiting factors are also considered. 

L102) .Ap phy indexes to each Ch. and -Glatorfeaeh soil 


according to the guidelines established in Step 6. 
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Phe DeterminetSPleforseachmsoil. ThemNortoltktesoiksin 


fabte?r4ihastanesPl ofnss5. 


Peer EsStavhisheclassihimits foctsoml potenti aleas 


follows: 
Chassalimiés 
Very high potential 95-100 © 
High potential 84-94 
Medium potential 64-83 
Low potential 45-63 
Very low potential 0-44 


McCormack and Johnson (1982) observe that this approach 
permits extensive local practical knowledge about soils to 
be correlated accurately with the soil survey. At the same 
time, the soil scientist learns how to make soil surveys 
more useful. 

Frittoneetialee(4982)seaddresstthedproblem of tdelivering 
the information available about a site to the decision-maker 
at the local level with little or no computer knowlege. An 
interactive site evaluation model was developed that is 
centred around two categories of information - information 
required to satisfy legal regulations and information 
required for water flow models. The model was developed at 
PennsyiVanialStatem@Universitys andtrefilectsrthe regulations 
of the Pennsylvania Department of Environmental Resources. 
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that the legal distance requirements - from water bodies and 
Supplies uproperty) tines, Cbuildingss#and’so1 one] areemet< 

If any of these regulations are violated, a failure message 
Foesentecandathermodel ,stopsetelf nots tthesorogranm 
continues. 

Next, a series of questions is asked in order to define 
the depth to any limiting zones (such as a seasonal high 
water table, or highly fractured rock). These are important 
to the regulations, and also ultimately set the boundary 
conditions for the numerical water flow model. Other 
information is then requested of the user, including 
percolation rates, the depths at which permeability changes 
in the profile, type of residence and number of bedrooms, 
and the maximum width and length of the proposed absorption 
birekd: 

The Pennsylvania regulations require a profile 
description for the site. The next series of questions is 
aimed at determining what soil is found at the site from the 
Drofikemdescniptton and fromethetsoilemapping unatathersite 
ise@located injwasetaken fromiatSoiluSurnveyrReport forstne 
county. sochistwastnot akwaysupossitbhesoastsememsoarls were 
not separated from others in the same county, forcing the 
user to choose between profile descriptions. Soil 
Varkiabi lityeand, inelustons cabsotcanecreategdifiitculty. 

Water flow models require that the hydraulic 
conductivity of the modelled layers be known. Hydraulic 


conductivity is empirically derived from the percolation 
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race, Wr=the *program:; another "sourée’ ts the soit’ data base. 

Ine Tuserets given <a” choice Vo any @or Vall tof fivetsystem 
types (standard trench, seepage bed, elevated sand mound, 
subsuriace sand *filtersror *intermittent -sandsfriter)>. “The 
program first checks for non-compliance with site 
eharacteristicvorelot "area trestrict ions. self the system 
passes, then the-input data for the water flow model is 
generated, either by the user or the computer. The maximum 
trench depth, and width and number of trenches or bed are 
Garculated. “Boundary eonditions®are set for the’ model. In 
all cases, the systems are simulated in two dimensions for a 
cross-section through the absorption system. Clogging in 
the trench bottom and sides can be simulated by specifying a 
negative pressure or tension; with no clogging, there will 
be a zero-pressure head at the bottom and sides of the 
trenches. 

The simulation model determines the recommended 
absorption area based on a constant field width, and returns 
to the main program the recommended length of the absorption 
area. The main program takes the output from the water flow 
models and determines the required absorption area. If the 
models predict\ that flow out from the trenches is not 
adequate, a warning message will alert the user that the 
system is legal, but pRedtetedttotfavl: @ehor thessystems 
that meet the flow requirements, the predicted absorption 
area is compared to the legal requirements. If all checks 


areteatisfieds*a message=to’ that -ef fect® is® printed for‘ each 


acceptable system. 
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Modela verification: and validation: indicate that the 
water flow model used tends to over predict flow. The 
Gascnepancy as dghatneforder ofot38%ieandithesauthorse felt 
that since the input data at a given site was subject to 
larger errors, this accuracy could be considered acceptable 
until something better appears. A more sophisticated 
Clogging feature is needed as at present the user is forced 
to choose a boundary potential value for the trench 
boundaries. This is especially important as clogging is 
ofteny the slimiting factors forhflow. 

This approach might be of considerable value to 
inspectors and to contractors involved in the design of 
Systems. The interactive language would make it easy to 
learn, and a linkage in the system between the regulatory 
agencies and the users (ie. contractors) would probably 
speed the permit-granting procedure. 

Access to the Canadian Soil Information System (CaNSIS) 
files could, with adaptations to the program, allow the soil 
at as particular: site’ to» be correlated witha taxonomic 
seniespowitheal lattshassociatedcpropentiess BCaNSisr isa 
national soil data system established by the Canada Soil 
Survey Committee, using a computerized system of file 
management. The information stored in CaNSIS includes 
descriptive and observational data Collected ine cthne tT Lela: 
frequently augmented by laboratory analysis (Canadian Soil 
Survey Committee, 1978a). A draw-back is that few 


contractors have the background to describe a soil profile. 
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At the same time, soil scientists in Canada are not employed 
by county or municipal governments as commonly as they are 
MimenenUG Se cOuchassify and map ssous. (ff Tew. people, are 
available to provide the necessary input to the model, then 
the model can only be of limited use. The discrepancy 
between estimated and actual water flow amounts is another 
Serious flaw to the model. 

In this discussion of different attempts to evaluate 
potential sites for on-site sewage disposal systems, a 
steady progression has been observed. First, the properties 
of soil and landscape important to effluent disposal were 
identified. Then, evaluation schemes attempted to determine 
Simply whether or not a system could provide successful 
sewage treatment. Later evaluations identified the 
potential causes of failure and seriousness or probability 
of the failwrea’ eStill later, the measures necessary to 
Overcome these problem situations were defined. Then other 
systems itirtidd to’ assess the relative costs: of different 
Sysicems. .DUlTt (In diifernent siitudtlons  ashinalivyesrateraetuive 
computer models are being perfected whereby the user or 
builder can custom-design a system to meet the prevailing 


soil-landscape-water use conditions. 
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ITT MOISTURE MOVEMENT PROPERTIES OF EDMONTON AREA SOILS 


INTRODUCTION 


Surface infiltration rates and percolation rates were 


determined at twenty-five sites in the Edmonton area. The 


Sites were chosen to represent a variety of soil parent 


materials and soil development. The main objectives were: 


ies To determine the range of infiltration and 
percolation rates in the area; 

Cle To relate these values to soil characteristics and 
to the results of the 1978 survey of sewage 
disposal system performance; 

one To determine correlations between the measuring 


techniques. 


METHODS 


The sites were chosen using-the’SoiteSurvey.of the 


Edmonton Sheet (Bowser et al., 1962) as a guide and then 


checking for locations where access could be gained, with 


the desired combinations of soil and parent material. The 


following kinds of soils were tested: 


1 Beaverhirise= an Orthic@black* Chernozemic tsoiti@on 
medium textured till. 


ae Angus Ridge - an Eluviated Black Chernozemic soil 
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On medium-textured till. 

Cooking®Lake*sa Grayrluvisekréemso7| Gon 
medium-textured till. 

Malmo - an Eluviated Black Chernozemic soil 
on fine-textured lacustrine 
material. 

Navarre - an OrthiceBhaeck Chernozemiec?so?l ton 
fine-textured lacustrine material. 

Maywood - avuGray -Luviso litessoill won 
fine-textured lacustrine material. 

Winterburn - an Orthic Dark Gray Chernozemic soil 
On medium to moderately coarse 
textured pitted deltaic material. 

Ferintosh - an (Octhians lack tChermazemicesoil on 
coarse-textured glacio-fluvial 
material. 

Kavanagh - a Black Solonetzic soil developed on 
Edmonton formation bedrock. 

Heart - a complex Sof *Bcuntsol licwsonl saon 
alluvial-eolian material. 

Leith - a Dark Gray Luvisolic soil on 


alluvial-eolian material. 


At each site infiltration rates were determined by 


double-ring infiltrometer (Bouwer, 1961) using a constant 


head measuring cylinder of local designi. The design and 


Operating 


included 


instruetionsef or this measuring cy kinder ‘are 


in Appendix l. 


1 J. Tajek, persomal communication. 
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Percolation tests were conducted according to the 
Standards outlined by the Alberta Department of Labour 
ero? ee Thisecentai-lsaugering @ 20cm diameter hole to’ a 
depth of 100 cm, and monitoring the rate of water drop at 
the 50 cm level until a constant rate was obtained. These 
field determinations were done in triplicate. As well, 
three semi-disturbed cores were removed from each of a) the 
surface 10 cm of mineral soil, b) the 50-60 cm level, and c) 
the C horizon, at about 90 cm. Bulk density was determined 
on cores from all sites. Some cores were submitted to the 
mipercapngracuicure,.lrrag gation, Division saboratorny) at 
Lethbridge for determination of constant head hydraulic 
conductivity. A detailed soil description was made at each 


site. Figure 2 shows the locations of the test sites. 


3s RESULTS AND DISCUSSION 


The results of the infiltration and percolation tests 
for the twenty-five sites (Table 5) indicate a wide range of 
values. 

Final infiltration rates extended from no observable 
infiltration (N.1.-in Table 5) ‘to fas high as 0 ogmin/ ci. 

The range for the percolation tests was about the same. 

Neither test yielded consistently higher results than 
the other for all soils and parent materials but there was a 
pattern to the relative values of the two tests. The 
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value of the infiltration rates on the soils developed in 
medium-textured (fine loamy) alluvial-eolian material, 
whatever the soil sub-group. For lacustrine material, the 
percolation rate was less than the infiltration rate in four 
of five cases, and by considerably more than half in three 
Cut Of gt ive. 

The infiltration rate tended to be greater than the 
percolation rate on well-structured fine loamy Eluviated 
Black Chernozemics in till (Angus Ridge series). These 
Soils have experienced the downward movement of clays, 
with their accumulation in the Bt horizon, but also. have 
cdeepeorganic-ricn surface horizons. The Bt horizons of 
Angus Ridge soils are usually found within the 50-100 cm 
range. Hence, the percolation test measured flow into the 
Bt horizon while the infiltration test measured flow through 
the thick friable Ah horizon. 

Within sites, readings were usually more consistent for 
the percolation test replicates than for the infiltration 
tests .aoTherep area severale possiblesreasonse for this .} he 
replicates of the percolation tests were conducted in a very 
Small area, with the three test holes no more than a metre 
apairtety Thefiadtd ltrations tests, wequinedtaan argerasurd ace 
area than the percolation tests, and because of disturbance 
tonthel Suproundi ngs, asheachhweplicatey Wasa rugs whese 
replicates were set farther apart than for the percolation 
testsce Thususoid wariabidd tyewas reduced to a minimum for 


the percolation tests. 
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Generally, there was good agreement between the two 
sets of bulk density data. Two coring tools were used to 
collect samples, one of 7.5 cm diameter and the other of 3.8 
cm diameter. Those sites where the larger sampler was used 
are indicated in Table 5 by an asterisk. The larger corer 
was used for all the samples sent to Lethbridge. While an 
extensive calibration of the two samplers was not carried 
out, in Some cases, both sizes of cores were removed. 
Usually, the larger produced slightly higher values. The 
density values determined at Lethbridge for the large cores 
appear to bear this out, especially for coarse loamy parent 
materials. 

Bulk densities at the upper level (level one) are least 
for the Chernozemic soils, reflecting their granular 
structure and high organic matter -content.« \Theedensities 
were Ae ales at the upper level for the Luvisolic soils. 

At greater depths a pattern existed that seemed to be 
related to«parent material. The bowest levels of ‘six rof the 
eight soils developed in till had densities of from 1.5 to 
sé g/cm3, while most soils developed in lacustrine material 
had densities of 1.2 to 1.3 g/cm3. These differences 
probably reflect particle size distribution. Fine-textured 
lacustrine material is associated with greater porosity, and 
hence albower adensitys than athees hight lyacoanser (tikisauhhe 
bulk density at the 50 cm level was usually intermediate 
between the upper and lower level values. 


Soils with sandy parent materials (alluvial-eolian and 
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prcted) deltaic jahadyhydraul ic: conduetivaties two to four 
orders of magnitude greater than those of the finer-textured 
Souls fon tilt or Jacustrine materials at tne Tower two 
levels. 

Ksat was about 10-3 or 10-4 cm/sec for the 
alluvial-eolian material, and 10-5 to 10-6 cm/sec for till 
and lacustrine materials. 

Within sites, the surface level had the most rapid 
hydraulic conductivity. It was usually slowest at the 50 cm 
level, which most often was within the B horizon. The BC or 
Cynorizons Koa+> wes soften slightly faster thanethat at 50 em 
but in any case, the two were quite comparable. 

Table 6 lists the average infiltration rates for each 
of the soil series examined, arranged in order of decreasing 
mitiitinations: Kor chaki om thesessoil series ,aless than «six 
minutes were required for a centimeter of water to enter the 
soil. For the remaining five soil series, more than 27 
minutes was required per centimetre. The soils with rapid 
infiltration were either Chernozemic soils with deep Ah 
horizons that had developed in till (Angus Ridge, 
Beaverhills series) or they were soils that had developed in 
coarsely textured fluvial or eolian materials (Leith, 
Winterburn and Ferintosh series). The slow group of soils 
had formed either in saline residual material (Kavanagh 
series) or fine-textured lacustrine material (Navarre and 
Maywood series). Orthic Gray Luvisols formed in till 


(Cooking Lake series), though, also had very slow 
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ii wbtrationaraGes sin contrast. to the \gapid rates forthe 
Chernozemic soils on till. The Navarre and Maywood series 
Sites did not demonstrate nearly so great a difference 

in rates, despite the same kind of difference in 
horizonation on a common parent material. The very fine 
texture of the lacustrine material apparently overrode much 
of the effect of soil development differences. 

The pattern of the percolation rates (Table 7) was the 
Sainewvas Lor the infiltration rates in that? a.wide gap 
existed between the "fast" and the "slow" soils. The 
relative ranking of the series has altered slightly, 
compared to the infiltration rate, but only one has moved 
between the "fast" and the "slow" groups. This was the 
Navarre series, grouped with the "slow" soils for 
amfiltmation; but with =the: “fast™ soils: for percolation. 

Eluviation and illuviation processes appeared to be of 
importance, with Luvisolic soils consistently appearing 
further down in the table than the Chernozemic soils on the 
Same parent material. The Cooking Lake series had the 
second lowest rate of all series examined, while the 
Beaverhills and Angus Ridge series, both Chernozemics, were 
among the fast group. 

The probable cause was the translocation of clay within 
the soil profile, leading to the development sorta defise clay 
enriched Bt horizon in the Luvisolic Cooking Lake soil. 

The average values for infiltration and percolation 


have been converted to cm/sec, so that they can be compared 
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toethewsaticated hydraulic. conductivities... The orders of 
magnitudes for all three tests on the same series was 
usually the same. They were most similar where soil 
structure was minimal, such as in the Heart and Leith 
Soils. These soils were also less susceptible to smearing 
and compaction, so that they should have been less affected 
by the coring and testing process than the finer-textured 


soOn|ls. 
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4. CONCBUS TONS 


SQLUSinatasktes enepresent at iwerofnsev eral idivfiferent oso? | 
series important in the Edmonton area were found to have 
Varying dbisl dives. gto vaccept’ sand dtr ansmit awatern sami nis 
ability appeared to be related to the soil parent material 
and also to soil genetic development. Coarsely-textured, 
fluid-sorted material was associated with the highest rates 
Chain tihtrat tom, (percolation sadnd nyidraul tic acond wet iiviaity . 
Lacustrine deposits and saline affected residual bedrock 
were associated with slow rates. Rapid rates of 
infiltration and high hydraulic conductivities were measured 
weethivaksigranuwlariAhn horizons: | odenseaBt tor 1Bn shonizons 
gave very slow rates. 

Percolation tests yielded results that were more 

consistent within test sites than had been anticipated. The 
test was applied, though, using a rigidly controlled 
procedure. In the past, the major problem has been that 
Uhivsietes te Wil. give rs1dnit ucanc hy “dit Perente resume smite une 
peocedure 1s evens lightly modti ted (Derr Set rads. 5 969)" 
The percolation test is probably best used to compare the 
Ralative performance of different: soils. Inher testey i etds can 
uncontrolled average of the moisture properties within a 
soil individual and should be otherwise used with some 
Caution (Derr= eb als. <1969):. 

Neither stestadave consistently Nigher results than the 


other. However, the percolation test gave consistently more 
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rap ldwravesmulanr tne “Surface Tmt Pt rat Ton erest sane coarse l y 
textured "materials. On’ fine-textured materials, though, 
BDercolavivon test wresults are slower than the “infiltration 
test values. 

In the 1978 survey on sewage disposal system 
performance (Gardiner, 1978), high rates of system failures 
were observed on several Luvisolic soils (Cooking Lake, 
Maywood soils), on Solonetzic soils (Kavanagh), and on some 
Eluviated Black Chernozemic soils (Angus Ridge, Malmo). In 
the water flow tests, except for the Angus Ridge series, 
these soils were in the slow group of infiltration and 
percolation rates. Although the causes of system failure 
were rarely explicit, these failures can be largely 
attributed to slow moisture flow properties combined with 


inadequately sized effluent absorption field. 
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IV DETAILED FIELD MAPPING AND SOIL INTERPRETATIONS FOR 


ON=SITE SEWAGE DISPOSAL 
Ls See DIES CRP LaL0.N 
Introduction 


The two acreage subdivisons that were studied were 
Pocacede within: 25. Kin Onumenee Edmonton tet ycaimudetSueGkal dg. 03))-. 
moetneseast of; the city is thes subdi wisi on tkenown) as 
Springhill Park, in NW5-52-22-W4. The other subdivision was 
Meadowcrest Estates, southwest of Edmonton in the east half 
of sec 24-51-27-W4. Only the north-east quarter of sec 24 
was examined. 

The two will be referred to in the text simply as 
Springhill and Meadowcrest. 

Meadowcrest is situated in an area of stabilized 
parabolic dunes interpersed with poorly-drained organic 
deposits. Application to subdivide Meadowcrest was made in 
1978. Although approval was; granted shortiyeafter jthat, as 
of -1982,.0on)y—four-ofethe-fourteen lots imnrtherduarter had 
dwellings on then. 

Hoa te cae lots are about!) .2 hia “th, areaj iwnilemthe rest 
range: up tiomoeha trem ch-of the ‘quarter \sect ion as poorly 
dfained. There, larger lots were specified by the Alberta 
Department of Environment to ensure that well-drained 


building sites existed on each lot. A small farm occupies 
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tne nortineas tercornerr tof’ ther quant eridsectd ont. Thin iss tliand is 
used for pasture. 

Most of the well-drained areas are forested. However, 
the only sizeable dry area that is also: gently sloping 
appears to have been cleared in the past and used as 
parsivune. piPresentilly, cityihass.a cover of*zirasisiess sande tfiorbist. 
The forest seems to be moving back into this clearing, with 
many young trees and shrubs appearing near the forest edge. 
Some: rof, the brush ini tthe bogs: im thes northerndepartisof the 
quarter has also been removed. This is not readily apparent 
on the ground, but the slash rows show up clearly on aerial 
photography. 

Black and white aerial photography from the Alberta 
Government's 1949 series (AS 137 5307 91-92) showed a 
thinner forest cover than presently exists. The same areas 
were treed, but they had more open canopies. The bog area 
in the northern part had not yet been cleared. 

Springhill Park is situated in a hummocky, dead-ice 
moraine landscape. Springhill has been subdivided for a few 
years longer than Meadowcrest. In the 1976 aerial 
photography used in mapping both areas, several of the 
structures now present at Springhill were just under 
constructon. The quarter-section is divided into 32 lots of 
approximately 1.2 ha in size; only two or three of these 
lots do not presently have houses on them. There is a park 
reserve of about twenty acres in the south-east corner, and 


a farmstead and pasture in the south-west corner. 
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Most of the quarter has been cleared of the native 
aspen forest. An examination of 1949 aerial photography (AS 
136 5308 66-67) should the extent of the forest cover to be 
about the same as the present, with a few exceptions. An 
area of about two hectares has since been cleared in the 
northern part of the quarter. Other small areas, especially 
in moist locations, have experienced regeneration of the 
forest cover. The land appears to have been used mostly as 
pasture, although a level area on the east side shows signs 


Onc. | trvat ion. 


Surficial Geology 

During the Pleistocene epoch, the region was covered at 
least twice by Laurentide ice sheets moving in a general 
SOUuEnemly direct lon (BOWSer wets al. 190c). Ine rlastle ice 
advance occurred 25,000 to 30,000 years ago. Melting of 
this glacier was essentially complete about 9,000 years ago, 
leaving the Edmonton area covered by surficial deposits of 
Various “kinds”. 

The Meadowcrest area is covered by a combination of 
eolian deposits and recent lake and slough deposits. This 
rear ‘ot a’ “Varger dune "area extending from the west side 
of Township 51, Range 27 eastward to the North Saskatchewan 
River. Both longitudinal and parabolic (u-shaped, or 


blowout) dunes occur. Most of the dunes are less than 15 m 


in height. 
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According to an examination of the long axes of the 
dunes by Bayrock and Hughes (1962), the dunes were produced 
by north westerly (43° north of west) winds. The source 
material for the dunes is early North Saskatchewan River 
alluvium. This material was originally deposited by the 
North Saskatchewan River, flowing as a braided stream after 
Lives Tinaly draining’ of glacial, Lake Edmonton... ater, .one of 
the many channels was incised to form the present-day river 
valley (Bayrock and Hughes, 1962). 

The lake and slough deposits in these sandy areas are 
Host) y Sands. or organic materials, (| Marle deposit serine sailiso 
found. 

The Meadowcrest area drains slowly. The elevation 
varies from about 700-710 m, and the fall of the land -is to 
the east and south. No well-defined stream traverses the 
dune field. Drainage is almost directly into the North 
Saskatchewan or into an unnamed stream entering the North 
Saskatchewan. Inf sece 31) dp 50,8 Re 20. 

The Springhill area is located in a hummocky dead-ice 
moraine, known as the Beaver Hills or the Cooking Lake 
Morainesx:« The tid lf dmetihis hummocky. moraamer is tni ck, 
generally from 12 to 45 m in depth, and may contain lenses 
of gravel, sand, and silt. 

The main topographic features of the hummocky dead-ice 
moraine in the study area are knobs, kettles, prairie 


mounds, and stream trenches (Bayrock, 1973, in McPherson and 


Ka mores it 973i). 
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Knobs are hills anidi wh till OGKS 4 circu bahaGo Sov ails ai ni ep lan 
Outs Ene). acompos ed, almost. rentirel-y. cof: ti kilt. neliheys apange in 
size up to several hundred meters in diameter. They are 
most often about 5 m in height, but range from less than a 
met re ato-gl 5) myhigh. 

Kettles are small, closed depressions produced by the 
melting of residual glacial ice that was completely or 
Partial ky buried .in the glacial drift... Knobs sand, Kettles 
are the most common features of the dead-ice moraine in the 
area (Bayrock and Hughes, 1962). Prairie mounds resemble 
Knobs, but have a small depression in the centre that often 
gives them the appearance of giant doughnuts. 

A large glacial meltwater channel or stream trench is 
located along the southern edge of Springhill Park. This is 
part of a meltwater channel system extending from Cooking 
ake .to. bhe ham) etivoh® iBRetonan..audiustance sok: nearly 320 4km. 
Enthe Springhill area, this channel is about 300: m wide and 
Pse20-m deep. Tyoically.= such channels -arey ti tied iwathia 
mixture of till and fluvial material and contain many ponds 
and lakes. 

Tills of the Edmonton area consist mostly of local 
bedrock materials, with significant amounts of igneous and 
metamorphic bedrock material derived from the Canadian 
Shield to the northeast. The tills also contain Devonian 
carbonate rocks from outcrops along the margin of the 


Canadian Shield. Thus, although the local bedrock 
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rormnat Vons ©tend “to “be "Tow “in “calctiim "carbonate, ithe tills 
are calcareous because of the presence of Devonian 
limestones. Montmorillonite forms between 10 and 20% of the 
wotal Welay su(Bayrpock;s 19:72); 

Aw SOT he@survey Sin BIR ?lsl and Nat hora Park 9(Crown ¥91977 } 
some 35 km northeast of the study area indicated the 
TolVewing features. Within 125 cm ofthe surface; ‘colour 
ranged from yellowish brown to dark brown. Texture shifted 
from silt loam to loam and clay loam, while calcium 
carbonate equivalents changed from 2 to 10%. These 
Variations soccur red over -distances of Tas Sl7ttl eras 2 sto 4 m. 

At Springhill, the parent material textures were sandy 
Gray “loam to Yelhay "loam, "but “at “tite umajori ty or mspect ions 
were *sielty clay eloams. “The. ©’ horizon *cobours: are most’ often 
dark yellowish brown for the well-drained areas. Colour and 
texture are not quite so variable as for the Elk Island 


Sor les. 


Climate 

The closest meteorological recording station for both 
study sites is located at the Edmonton International 
Airport. Strictly speaking, the situation of the 
International Airport is not the same as either Springhill 
or Meadowcrest, being in an open, level agricultural area 
rather than one that is more hilly and forested. Springhill 
is higher by about 35 m, while Meadowcrest is at nearly the 


same elevation asettne airport .o Vespa teltiese dirrrerence’s:, 
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the same~ regvonal' trends of*climate*should™apptly tonal | 
three locations. 

The present climate can be classified as continental 
with warm summers and cold winters (Brocke, 1977). January 
vse the -coldest™ month, "with: a mean> temperature of" -17°Cs 
while July is the warmest month with a mean daily 
temperature of 16°C. On average, the frost free period is 
LOO" day's. 

Total precipitation for the Edmonton area ranges from 
S00 tor 640" mms “averaging 4/72>mm. » The majority C1029 =talts 
as rain between May and September, during the growing 
season. June and July each receive more than 80 mm of rain, 
and are the wettest months of the year. The snowfall 
averages 137 cm, and ranges between 76 to 230 cm. Most snow 
falls between December and March. 

Precipitation events are usually gentle. Rainfall 


rarely exceed 130 mm per day, or snowfall, 38 cm. 


Vegetation 

NecordingetoeRowe (1972), Springnill Panky 1s ~ f ound 
within an outline of the Mixedwood Section of the Boreal 
Forest Region. On well-drained uplands, the characteristic 
association is a mixture® in’ varying® proportions? of? trembling 
aspen and balsam poplar, along with white and Alaska birch, 
white spruce and balsam fir. The last two species are 
especially prominent on old, undisturbed Sh Ces. 
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Rowe Sse descrapti on, well .<odt< isymostiya tremby1ng4 aspenss wath 
some balsam poplar and a few scattered spruce. The 
non-forested areas support mostly domestic grasses and 
various small shrubs and forbs. 

The Meadowcrest study area is placed by Rowe (1972) in 
EmesASpena Groves Section; of.the, Borealwforestsacthisuds part 
Of. the, forest-grassland transition, and has only trembling 
aspenTrabundantydnithe-natural,; stands. »~Balsam.poplar should 
be found in the moist lowlands. In the Meadowcrest area, 
though, the dunes are covered by jack pine, with aspen and 
balsam poplar farther down the slopes. Larch and black 
Spruce border the pola Thus, the forest cover would appear 
to have greater affinities with the Boreal Mixedwood. In 
fact, Strong and Leggat (1981) place this area with their 
Boreal Mixedwood Ecoregion. This is defined to be 
essentially the same as Rowe's (1972) Boreal Mixedwood. 

More detailed vegetation descriptions are included in 


the descriptions of the mapping units. 


PreviousaSoidsi Studies 

Both Meadowcrest and Springhill were included in the 
1962 Soil Survey of the Edmonton Map Sheet (83H) (Bowser at 
ail.501962).. The pubdished map scale of this survey is 
Pee 05120. 

The Meadowcrest area is partly included in a 
delineation of an organic map unit, with soils developed on 


undifferentiated sedge and moss peats. The rest is included 
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Biesd Unit wconsisting» of soils developed: invalluvial-eolian 
material. Approximately 60% of the area is estimated to 
Have, Orthic Gray luvisols (Culp series, loamy send texture), 
Miviever-c0, Shouldunave Dark Gray sluvasols. (leitheseries, 
Foamy ssand texture)... Lhe remaining .20% consists, cof 
undifferentiated organic soils. The Meadowcrest study area 
has not since been remapped. 

The Springhill area was included within an area of soil 
normed On . Glacial -b1.\1 .of. Edmonton formation wonuain,: 
(Bowser et al., 1962). The subdivision is found within a 
Te iine at LON eWnelen tS. eS. C.imated’ to,.cons.1S t.4k0% «Ome eO etic Gira y 
Luvisols (Cooking Lake series, loam texture), 10% of Dark 
Gray Luvisols (Uncas series, loam texture) and 20% of 
Sloughs too small to show on the map. 

The Springhill site was remapped by Menon. (1971) at a 
Scalerof 4:15,8406 Vas parte of. a) study. sony sine: distribution sor 
S01 1S inwcentral Stratheond County. 

The soils of the subdivision were classed mostly as 
Orthic, Gray Luvisols.wwith loamy. surftecestextunes. and slopes 
of 2-5% and 9-15%... Areas. of. Ternic, Huss Ocaca Son occurred 
in sloughs and closed depressions. Orthic Humic Gleysols 
developed in lacustrine material were mapped in the eastern 


third of ‘the. subdivis 1,0". 
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2s METHODS 
Mapping Procedure 


The soils and landscapes at Meadowcrest Estates and 
Springhill Park, were mapped at a scale of 1:5,000. The 
concepts for the mapping units were based on different 
combinations of soil parent material, the development of the 
dominant” and si gqnitprecant soils," and’ internal drainage.» he 
units were further subdivided on the basis of the dominant 
Slope and surface expression. The vegetation dominant in 
each unit was also documented, but was not used to separate 
ues. 

The legends are of a controlled form; that is, each 
Uniaue. cOmD Tidal On Of ssO1l ‘and landscaper 1s* lis led= tn tne 
legend. The extended description included in the text 
groups the units according to parent material, drainage, and 
dominant soil. 

Base maps for the subdivisions were 1:5,000 
panchromatic photos enlarged from a 1:20,000 series flown in 
1976. The Springhill base maps were derived from AS1546 
frames 90 and 91. The Meadowcrest base maps were derived 
trom Ns L540, trames 15° and” 16. 

N Series of transects were run "across -edacn subdivision 
to gain a preliminary understanding of the soil and 
landscape patterns. The interval between observations along 


each transect was 15 m. This distance represents half of 
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cheodkstancenacross aihighty-contrastingseminimumesi zed 
delineation that might be expected to be shown on a map of 
cutseasealey(Arnold; 1979)% 

At each observation site, the sequence of soil 
horizons, their thickness, Munsell color notation, presence 
or absence of mottles and of free carbonates, field texture, 
Structure, and consistence as specified by the Canada Soil 
Survey Subcommittee (1978a) were assessed. The slope class, 
Slope position, aspect, drainage, surface expression, and 
parent material were also recorded. A grid system was 
applied to each subdivision and the site locations were 
recorded with reference to the grid. The grid spacings were 
2.5 cm on the base map, further subdivided into tenths. 

Ate Springhi i l4rthourctraversesswererrunsinitialtlysawhile 
three were run at Meadowcrest. After assessing the 
information gathered in the traverses, preliminary legends 
were developed and delineations were drawn. Returning to 
the subdivisions, the tentative boundaries and the 
composition of the map units were checked by running 
additional transects. Any necessary changes in the boundary 
positions were made, and the unit definitions and legend 
were modified where required. Some further field checking 
was carried out during the summer of 1981. 

Once the final field mapping was completed, 
representative sites were selected for the dominant soil in 
each map unit. At each, a complete Soil description was 


made, and samples for each horizon were retrieved. 
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Laboratory analysis included particle size distribution by 
the hydrometer method (McKeague, 1978), coarse fragments 
(greater than 2 mm) by sieving, pH in 0.01 M. CaClo (Peech, 
1965) and Atterberg limits as specified by the American 
Society for Testing and Materials and outlined by McKeague 
(1978). The latter were only determined for the Springhill 
Samples as the sandy Meadowcrest soils were non-plastic. 
While not required in most evaluation systems, the Atterberg 
limits provide a good indication of the workability of a 
SOs IMIS Wht attect. construction and’ insta klati on of 
Systems, especially in fine-textured soils. 

In order to better assess the suitability of the 
mapping units for on-site sewage disposal, the dominant 
Soils in the well-drained map units were also tested for 
moisture properties. The poorly-drained soils were not so 
tested since their drainage conditions would require special 
construction procedures before such sites could be made 
suitable for effluent disposal. 

The locations of the traverses, the soil 
characterization sites and the moisture property test sites 
airewamdtcaced vn hrgure 4,. for’ Springniv anda gure > fOr 


Meadowcrest. 


Hydraulic Conductivity 
1. Field Measurement: Hydraulic conductivity was measured 
jaethe field atewagdepthyof 50 °cm, {Ene depth speed ted for 


thevinstallatiomecr the-trench lines of 4a ‘Sanitary field. 
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Scale 1:5000 
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AEP Test Site -¢& 
Sample Site . 


FIGURE 4, SPRINGHILL PARK TRANSECT, SAMPLE SITE, and AEP TEST SITES 
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FIGURE 5. MEADOWCREST ESTATES TRANSECT, SAMPLE SITE, and INFILTRATION 
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At Springhill, these hydraulic conductivity measurements 
were made using the air-entry permeameter (Topp and Binns, 
1976). Appendix 1 includes a detailed plan of the 
instrument, along with the step-by-step procedure for its 
operation. and..calculation of Kaep> 

At Meadowcrest, it proved impossible to use the air- 
entry permeameter (AEP). A wet summer and fall resulted in 
Sandy soils that were never sufficiently dry to show a sharp 
change in the tensiometer reading as the wetting front 
passed. Therefore field measurements obtained using a 
double-ring infiltrometer and percolation tests (Alberta 
Labour, 1977) and described in Chapter III were 
Subsituted. 

2. Laboratory: The field measurements were supplemented by 
laboratory determinations of saturated hydraulic 
conductivity on 7.5 cm diameter semi-disturbed cores. These 
core determinations were especially important in the 
consideration of the Meadowcrest soils, because of the 
failure there of the AEP. 

The cores were removed with a Uhland corer from the 
sampling sites at a depth of 50 cm, with three vertically 
oriented cores from each site. Where an AEP test had been 
conducted, the cores were taken from within the large 
permeameter ring after the test was completed. The cores 
were wrapped in plastic, stored in waxed cardboard 
containers and further sealed with masking tape. 


Hydraulic conductivities for the Soil cores, Thom 
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Meadowcrest were measured using a constant-head permeameter 
as described in McKeague (1978). While stitable for the 
Sandy Meadowcrest soils, this procedure was not appropriate 
for the finer-textured Springhill soils. Hydraulic 
conductivities for these soil cores were measured on a 
falling-head permeameter as outlined by Klute (1965). 

After the hydraulic conductivity was determined, two of 
the cores from each site were oven-dried and weighed to 
determine the dry bulk density of the soil. The remaining 
core sample from each site was sliced and used to find the 
motsture retention properties at 05:1; and ’'15°bar tensions. 
The pressure plate extraction technique for undisturbed soil 
cores, as outlined in McKeague (1978) was used. 

The 0 bar moisture content assumes complete saturation, 
and values for it were obtained by further dividing the core 
Samples after they were saturated and before they were 
placed in the pressure plate apparatus. Approximately half 
of each of the three subsamples was removed and saturation 
moisture content was determined. The average of the three 
subsamples from each core was then calculated. 

When no more water was being extracted from the 
subsamples on the pressure plates, they were removed from 
the apparatus and their mass moisture contents were 
determined. These mass contents were converted to 
volumetric moisture contents by multiplying the mass basis 


values by the mean bulk density of the other two cores 


removed from the same site. 
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Soils and Landscapes of Springhill Park (NW5-52-21-W4) 


General: Dark Gray Luvisols were the most abundant soils, 
and occurred in well-drained hummocky, ridged and inclined 
terrain, (Figures)... They usually had-a.vegetation,cover of 
grasses and forbs. Orthic Gray Luvisols were dominant in 
well-drained areas with a forest cover. In terrain with low 
relief and in depressions and hollows, a variety of 
Subgroups of the Gleysolic Great Group occurred. Organic 
soils (Terric Mesisols) were found in very poorly drained 
areas. Detailed descriptions of the soil-landscape 
relationships follow in the discussion of the mapping 
units. .The .main.~surficial.materiti.ahk was.till, with minor 


amounts of lacustrine and organic. 


Mapping Units: Representative pedon descriptions and 
analytical data for each of the mapping units are found in 


Appendix 2 


Unit 1: This unit is found in well-drained hummocky terrain 
Chat. Nas. s.or several years been cleared of forest cover. 
While the overal] surface expression is hummocky, and while 
several polygons are so designated on the map, several 


inclined or ridged areas could be delineated within this 
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general pattern. The parent material for soil development 
1S fine-textured till. The soils are dominantly Dark” Gray 
Luvisols. In lower slope positions, Orthic Dark Gray 
Chernozems are common. Where slopes are greater than about 
Eoes echougn s’these=soils’rdrely oeciirs9PSlopes @an*tais Sanit 
range “from, gently (629%) %to strongly*stoping (16=307). 

20115 éf this unit usually have loamy or sandy loam 
surtaee”(Ap) horizons. *0ften'*a4remnant ‘of *an *Ae* Horizon "is 
present below the Ap, Suggesting that these soils developed 
under a forest cover (Pettapiece, 1969). The Ap horizon is 
aporoximatel yProO ttoe20 cmethick ?=-the*thinner *Ap"s tend to 
occur higher upslope, perhaps indicating that material has 
washed downslope. The B horizon texture is clay loam to 
clay. The Bt is well-developed in these soils, with strong 
blocky and “prismatic structure, Vand’ extensive-clay=skins on 
ped faces. Free carbonates are often encountered within 
100cm of the surface as coarse, white, strongly-effervescing 
concretions. 

The Bt horizon may be strongly to*extremety acids-*The 
other horizons above the C horizon have slightly higher pH's 
than «thle Bt! “white*the Gehortzonzitself is “aPkalvine: 

ThePVeqetattonetypical oF *thtsounit) issa mix sor (grasses 
and forbs representing abandoned cultivation. It includes 
brome grass, fescue, dandelion, Strawberry, yarrow, alfalfa, 
vetch and other legumes. Scattered small shrubs, such as 


wild pose, sare ‘also™present. 


| er ae fe : 
; * x 7 , os ‘os 
franggl evae (foe 107 sagem apne ant 


a an sore ays et OE ‘iT Petra be" usxstoom 


Q 3FRIA _enerarena: eaere aewol wl 


iy 
an 
Pa 
— 
* 
oa 
f ~ 
of 
= 
<q) 
r 
Ot 
' 
(5 
ee 
| 
P 


SH 


med 


rT. 


¥ Ww 


,OF26 


eoeeent 0 


rap oF 


<etiseris 


s WP ue 


Y <P 
nn 


nh 


“gan htt @at ea a Fulda | 08 os OU Yrotom 


: re 
ve elhon Seen ony (Dey Tavshy (hee wP 88 Ome 


ote Daweae nen et the gazed ¢puany, 


me eer: 
fais onbh¥so hea eyearse ayo hequ reign We 


Rh ( 7 , 
etsy oe 
ad 


Cate war sre AHO 2 ork amose 


‘es 


of vipa em" (ae a). 4 shee won 
Siva l “ey sy yl bene yr | eats wo re 
ro Joediee open anos Pan (qA) + 
siont Pat? owntaneped ook eet woled 


a eee ape deveo teeve? ‘8 


é 


3 ao. 
>t sothSs Baer ieA 2. oH) ,seotetwob © 


~ a? 
taedas bus .siesqowe pitenetng bre YRS 


beietduoons neo to S96 eadnnod 15> oot. 28s 


eal 
yt 9S719RS 02 towers are “esi nos trod 78 ont _ 
‘He asnpad- Vidette aie KeePadd d atty avode anos trea’ 4 


ite 2 Me aa? noire 2 sas ef iitw .38 and - 


Loneng2e ~ BT RH , Se tse> <2 Satie, aay Yo: 


wee 


ro 


Soi 


\ ; 


ae 
ae 


i 


1. > 


Saeht seca 0, twa tant eo risdapeyv ont ae 
not oe heh Perry gvrdpaeniget” Laie 


cy xnved wan te -aito stony susee? jeeerp 8 oe 
oe 


,fauate ¢ etre’ baidiramad eamupet veitte phe / A 


“rm 
ai 
Wor 
MSc 
a 


| igen oes eve 820 vr ros 


ey Sry 
: i] jim r ‘kde 4 = 7 4 
°° /~ 
; y 
j in a ial ™. 
e ; : 


84 


Uniteaeee Ths vunat OoccUBS in Updulatings:moderacely 
well-drained landscapes where lacustrine deposits form the 
Soil parent material. These areas have been cleared of 
forest cover. Areas mapped as unit 2 can occupy wide 
troughs in the general hummocky landscape. They also occupy 
"plateaus" at the summits of the flat-topped prairie 
mounds. One delineation mapped as unit 2 is found within 
the major meltwater channel occupying the south-west corner 
of the quarter-section. Shallow, short-lived lakes may have 
occupied such depressions and troughs as glaciers melted and 
drainage of theeglacial waters occurred, acesulting. in: the 
deposition of a mantle.of lacustrine material, probably over 
Ga bl. 

The sovlsso0tp thas uniteares dominantlyeDarke Garey, 
bivasols ,.Withe the stonifacantpoccurrence, of, Ort hic’ Dark 
Gray. Chernozemics.4)A thin-Ae, horizon; is,usual ly present in 
Dobe tiese sols, a.ong With “a thick Ap.) Texturessat tne 
surface, aré»Sidty,-and clay. contentsincreases. dramatical ly 
in the AB and Bt horizons to, values often exceeding 50%. 

The profile is slightly acid to neutral above the Cca 
horizon. Free carbonates usually appear at about 75cm. 

Slopes are very gentle (2-5%). The vegetation is very 


eaivibareitOethat. descriped. Torouniitoaw. 


Unit 32 Whds maps Unit edspassocialed with well-drained 


hummocky morainal terrain under a forest. COVer. Of. aspen -and 
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DalSam poplar. However, as for unit 1’ some larger inclined 
Surfaces can be separated from the hummocky areas. Some 
Small areas with undulating surface expression and very 
gencte slopes (2-5%) have been included in this unite since 
they occupy such a small portion of the landscape and are 
hou StPOnghy contrasting In other ‘characteristics. 
Otherwise, slopes for the unit are gentle (6-9%) to strongly 
stoping (15-30%). 

me sorts. are dominantly Urtnic™ Gray Euvisots.. Some 
Gleyed Gray Luvisols are present in the undulating areas, 
and in some of the depressions in the hummocky areas. The 
Soils typically have thick loam to sandy loam Ae horizons 
and well-developed clay loam to clay Bt horizons with strong 
eompoOind prismatic and Dlocky structure.” Free carbonates 
were not always found within 100 cm of the surface. The 
profiles are strongly to extremely acid in the A and 8B 
NOGH ZOns. 

The forest canopy includes aspen and balsam poplar, 
white the thick understory Incl UdGS Wsnnuns. SOCie as Nazel, 
high and low bush cranberry, dogwood, currant, raspberry and 
wild rose. Common forbs are sarsaparilla, anemone, 
bunciberry, Various pyrola; Strawberry, violet, bedstraw, 


and vetches. 


Unit 4; This unit describes areas in level to 


undulating terrain with imperfect to poor drainage 
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conditions. The parent material is a lacustrine blanket 
oversqhacral etilt< 

Mestedetineations Of * this Unit a@retiotindstinetheteas tern 
quarter of =the’ subdivision ‘in association with®a large 
depressional area. The forest cover has been removed. This 
GOTT NS Sinilar tCowunit, 2ein termsYof parent material, but 
is more poorly drained. 

The dominant soils are Humic Luvic Gleysols, and 
occassionally, Orthic Luvic Gleysols, where the surface 
mineral horizon are not thick enough and dark enough to meet 
Che yHumie* * requirements. In vshightly*elevatedipostitions ; 
Gleyed Dark Gray Chernozemics can be found. 

The surface horizon is frequently an Ap horizon, 
aehough. authickt0ehnorizon maytocctr inedncultivatedmsoiits: 
Like the soils of Unit 2, the clay content below the A 
horizon increases dramatically with clay loam in the A and 
Clay texttiresvinathe Brand Co el heyeare Sii ghthy sacid*to 
neutral above the calcareous C horizon. Carbonates are 
Sometimes also present in the B horizon as fine white 
concretions. 

Slopes are‘low; frominearly level” (095=2.57) tomvery 
gently sloping (2-5%). Vegetation includes brome, fescue, 
timothy, ij and®such (forbs -asiyarrow, dandelion, thistle, and 


vetch, along with such moisture-loving species as horsetail 


and blue-eyed grass. 
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Unit. 5: This unit includes the small, poorly-drained 
depressions and hollows between hummocks and at the ops. of 
PeayRke mounds se -sMany, thut «noteahl, cof ythese aneas ehavwe tnat 
been "cleared sof (the original forest cover. .iThe -parent 
Macenhakifomethessoiks in this «eunit. appears.<to abe 
medium-textured fluvial wash over till. 

The soils found in this unit are Gleysols. Fera and 
nuMbe HLUViG .Gleysokss,ehena-and, Onthic Gleysiols, -and,0nthic 
andakeca Hume wGleysols ial] toccun, with the sHumic.-and the 
Luvic Gleysols being more common than the Gleysolic Great 
Group. Texture tends to be quite variable through the soil, 
ranging from sandy loam to clay or clay loam, but generally 
becoming finer with depth. The soils are prominently 
mottled, and in the case of the Fera subgroups, the mottles 
are almost continuous. The soils are mildly acid to neutral 
Ine eaet ion. 

In the forested areas, the vegetation consists of a 
canopy of paper birch or balsam poplar, with an understory 
of willow and dogwood. The forest floor is covered by 
arasses, (some sedg@,qcurrant,: thistle; sand-wild rose. In 
the cleared areas, the vegetation cover includes brome, 
fescue, clover, dandelion, yarrow, and wild rose. Slopes 


are nearly level (0.5-2.5%). 
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in undulating or depressional landscapes. Slopes are nearly 
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Fevelun(0t 5-:2.52)).5 die: soidsivaire Organic. @omerent oraigim, 
with the organic material deposited over medium-textured 
lacustrine material. The dominant soils are Terric Mesisols 
and Terric.Fibric Mesisols. On the boundaries of the unit 
and in slightly higher areas, the surface organic layer may 
thin out enough for the soil to be classified as peaty 
phases of Rego Gleysols or Rego Humic Gleysols. The organic 
material does not contain carbonates, nor does the mineral 
material immediately below it. On the Von Post scale of 
decompostion, the organic material was weakly to moderately 
decomposed with Von Post values between Se fain. .5% 

The vegetation consist of sedges, rushes, cow parsnip, 


and hydrophyllic grasses. 


Uindtt 7s a These UNnat) consists isofo dandsidastunbedt inwithe 
construction of houses and outbuildings, driveways, and 
fan Neds yards Je Soild ‘cond itions? aret nighiyewaniabd ler invtihat 
material may have been added or removed. Areas may have 


been drained, flooded, excavated, or compacted. 


UniteeeerThiseunit consdsitsitor Uandatdi stunbed aint tie 


construction of the main roadway and its ditches through the 


Subdivision. 
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Unit 9: This unit consists of open standing water 


bodies, including lakes, ponds, and dugouts. 


Correlation: Most of the soils encountered at Springhill 
can be correlated with soil series described in either the 
Soil Survey of the Edmonton map sheet (83H), (Bowser et al, 
1962) or the Elk Island National Park Soil survey (Crown, 
1977). The well-drained soils are the best differentiated, 
while the poorly-drained soils are not nearly so well 
Separated, especially in the Edmonton report. Hence, the 
well-drained soils were found to closely correspond with 
named soil series, while the correspondence for the less 
well-drained soils was more tenuous. 

The dombnantk sobhaof funikt «lf, sthe Dank yerayebuyv isio:l 
developed in glacial till, closely corresponds with the 
description and general characteristics of the Uncas 
series. The Orthic. Gray -Luvisohk,.akso developed in ghacial 
til, awhich dominates tunit <3,,<corresponds wwith. the 
Cooking Lake series. The dominant soil in unit 2, the Dark 
Gray Luvisol developed in lacustrine material over till, 
does not correlate well with any series described in the 
Edmonton report, but it corresponds to the Tawayik series 
documented in the Elk Island National Park Soil Survey. 


The Humic Luvic Gleysols that dominate unit 4 most 


closely correspond with the Prestville series, a very slowly 
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permeable Peaty Meadow (Humic Gleysol) soil developed in 
fime=Lextuned material. The Luvic Gleysol's: of unit) 5 
Gonmcide best with Wthe ‘Oemay oserites \abutethetsoits¥of this 
series have developed in morainal material. Parent 
maceriars¥forythe units soils haveta fldvial- component. 
Organic soils (unit 6) were not differentiated in the 
Edmonton report. 

The Bt horizons of the Orthic Gray and Dark Gray 
Luvisols (Cooking Lake series and Uncas series) do not 
differ greatly in their physical and chemical properties. 
According to Pettapiece (1969) such profiles are indicative 
of Bt formation beneath a forest cover. The dark-colored 
Surface horizon would have developed subsequent to the 
removal of this forest cover. 

The relative proportions of soils encountered in the 
subdivision do not correspond well with what is indicated in 
the Edmonton Soil Survey Report. There, seventy percent of 
the soils of the area were considered to be Orthic Gray 
tuvisolisstiwhereas tinethts estudy, maboutesevent yepercentioft 
the fsoilswereedark Gray vuvisolis 5 )¢hak ing@intosaccountsthe 
Scalerdifferences, though, this cannot be considered a major 
discrepancy. The Menon study (1971), however, at a scale of 
approximately 1:16,000, also shows. a dominance of Orthic 


Gray Luvisols, a finding that could not be confirmed at 
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Soils and Landscapes of Meadowcrest Estates (NE24-57-27-W4) 


General: The area was found to include several very 
well-drained u-shaped dunes rising above very poorly-drained 
Pose r\rncure Wie BAteone) locati ofgacat. thebsholoitss0 fence cde: 
soft bedrock was found within two metres of the surface. 
Presumably, water has ponded above this relatively 
impermeable material. 

Most of the well-drained dune areas support mixed 
Stands of jack pine, spruce, aspen and balsam poplar. The 
Soils occuring under these conditions were classified as 
being dominantly Eluviated Eutric Brunisols, with some 
Ot Wiceskut rice Bruns lyse, 

Along the edges of the dunes, transitional areas exist 
that are intergrades between the well-drained dunes and the 
poorly-drained Pens... (hems oils: change in. @) very snort 
distance, from Gleyed Eutric Bruniksols to Orthic Gleysoks and 
Orthic Humic Gleysols with thick surface organic horizons. 
These peaty caps thicken as drainage becomes poorer, until 
Suff.ica ent ly. deep. toy apdow cela SSef Cat done Ofte tneses Sods. in 
the Organic order. 

A relatively level, well-drained sector of the 
subdivision has been clear of Tornest.-cOver for “ar least 
thirtys years (aicconding: toc thee 940-.a enroll ohotograhy) and 
was evidently planted to. forage crops. . Presently the forest 
seems to be moving slowly back, with the occassional pine 


and spruce appearing along with more commonly shrubs such as 
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Saskatoon nines wild rose and snowberry. Soils here are 
moSschy -OrthactEutricyBeunisobksa,awithasome Onthicumelanic 
Brunisols where the surface horizon is sufficiently dark. 
In the wetlands, the soils were classified as various 
suDgrOUDS WOT athephibrisobh!Great Grovpses They peat.consisted 
of mostly fen material, which is usually associated with 
MestSols., Thesbotanic-originsof most—ofothe material «could 
easily be determined, though, and application of the Von 
Post scale of decomposition placed most of the materials at 
the more decomposed end of the Fibrisols. Mesic and humic 
layers were occasionally noted though. Typic, Terric and 
Cumulo Fibrisols were identified. The mineral material in 
the Terric and Cumulo Fibrisols was aeolian in origin. 
Theres are® suggestions.-of ribbing: to the.fens.ini the«southern 


and eastern margins of the study area. 


Mapping Units: Detailed soil descriptions and analytical 
datavaresincluded im Appendix 3. The units usedein mapping 
Springhill and Meadowcrest are not to be correlated, even 


where the same numbers are used. 


Unit 1: This unit includes very poorly drained areas 


with soils developed in organic deposits. The organic 


materialedsamost lye ofcfens onrigin=sr On the, Von Postescates of 


decomposition, the materials are generally between three and 
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five, or very weakly to moderately decomposed. There are, 
though, some layers where the material is very weakly 
decomposed (Von Post of 2), while other layers are strongly 
geconposed “(Von Post of 6 to 7); 

At the subgroup level, the dominant soils are Typic 
Pibrisols, with "the "occassional "odciprence of Mesic 
Brpnisols? yTerrfesr tbrisol’s "and some tCumulo Fibrisors ‘form 
Pesrgnificane’ proportion of the’ soil lbandscape’.'® Phe Terric 
Fibrisols appear most frequently near the boundaries of the 
dune areas, showing a thinning of the organic layer over the 
Corian tmatertal® and “alStrans ft fon eto urnite">., “The =Cumuto 
Soils have thin layers (2-5 cm) of sandy eolian material 
between layers of organic material. These mineral layers 
aresain “votal, fess ‘tnan SOc *tirtck.”* "Pate inarly, strongly 
effervescent layers are common in the fen areas in the 
northern half of the subdivision. One layer usually occurs 
around 70 cm below the surface and another at around 105 
cm. These marly layers are rare in the southern half of the 
Study area. 

The fen landscape is horizontal, with faint suggestions 
of ribbing or patterning. During the summer of the survey 
several centimetres of water stood on the surface. Slopes 
are nearly level (0.5-2.5%). 

The vegetation consists mainly of sedges and rushes, 
with willows and swamp birch scattered over all] but the very 
wettest areas. The occassional larch is also present. Some 


of these fen areas have been cleared of brush, apparently 
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LO provide better winter *pastdréttin®thesencasess' the 


vegetation is mostly sedges and rushes, although the birch 


and willow are invading the area. 


Unies 25° TAIsSe unite is’ Eelosely relatedStoeunt tra 08 It, 
t00, 1S very poorly drained with Organic soils formed in fen 
material. However, Cumulic and Terric Fibrisols are more 
commony than typte Fibrisols<” The’ Unicegseperhaps= shigntl y 
better drained. During the time of the field investigation, 
the water table in the areas mapped as unit 2 was usually at 
the surface rather than above it. Generally, these areas 
are found around and between the arms of the large dunes. 
Areas mapped as unit 1 tend to be more remote from the 
dunes. 

The marly layers discussed in association with the 
Cumulio*Fibrisols=ineunit le also oecurtine these sol 1 s.. 

The landscape is horizontal, with nearly level slopes 
COL 5= 285798") AnY* ri bDARGMANne the? Tens*®aseabs entane phe 
vegetation is essentially the same as for unit 1, except 


that larch appears less frequently. 


Unit 3: This unit includes the well-drained parabolic 
and longitudinal dunes areas. The dunes are stabilized, and 


with one exception, support a forest cover. Type altys javek 


pine grows on the dune crests, while a mix of aspen and 
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balsam poplar and black spruce are found on the sides. The 
Shrub layer is sparse near the crests, but becomes thicker 
and taller down the sides. Shrubs include Saskatoon berry, 
wild rose, raspberry and a variety of currants. The ground 
cover includes bunchberry, wild, lily-of-the-val ley. 
bearberry, harebell, and grasses. In one case, part of a 
dune had been cleared; this now supports a mix of native and 
SCuLcivated gGpasses and forbs. 

Most dunes are about six metres high, but the dune 
relief ranges from 1-10 m. Slopes across the ridges are in 
One case, only 5% (3c) but are more often between 6 and 9% 
fod )wand l0vand,15%. (3c)... Slopes ealongsethnepcrest wridgas are 
between 2 and 5%. 

The dunes themselves are in the order of 400 metres 
long, and 250 metres wide (from the outside of one arm to 
the outside of the other), with the arms about 50 metres 
across. The dunes are oriented northwest-southeast, with 
the arms opening upwind to the northwest. 

The dominant soils were Eluviated Eutric and Orthic 
Puthia Brunisols, awith;zoccastonal .OrthiceGgaysluvisols. 
Textumes iare,$andy,.and,stgucture VWSUVenyeWwedeag [he usurtace 
horizon (Ae or Ahe) may be strongiwsacid ea DUG the rest -oT 
the .soil..is usual ky only,»slightly.acid. 

The upper horizons (Ahe, Bm) are friable, while the 
lower BC horizon tends to have a firm consistence. 
Finer-textured reddish bands, each about a centimetre thick, 


are sometimes present in the BC. Free carbonates were 
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detected at a depth of approximately 130cm. 


Unity 4: =thisPunit*is ToundPin undulatina*landseapes of 
eolian origin. These areas have been cleared of the 
OFT ginal” forest cover, “and@now’ Support va ‘mix of grasses, 
CNOVers 5 ane other forbs, with some wild rose and 
Snowberry. Slopes are very gentle, from 2-5%. The unit is 
moderately well-drained, with a few small imperfectly 
drained depressions. 

They SOlPS@ are mostly’ sandy textured*O0nentc Eutric 
BEUNnISOSS*@ but there*is*atso' stoniftcant@oceurrencey of 
Orthic Melanic Brunisols where weakly developed Ah horizons 
more than 10cm thick are present as a result of 
EVltLvations= GleyedVvEUtric*brunisots™ are foumd: thy the 
imperfectly drained hollows, and in these cases the "gleyed" 
aesignation*is diesto, the presence’ of *distinct=motties 
within 50 cm of the surface, or to the presence of prominent 
NMOovering =wrthinwoso”" vor LOU cm Or CNeMSUit aCeyee Asin tim tie 
Unit o*soTlsS;"no: Be -forizons could be= identi fred. 

These SOTLS are™ very’ Trtables*and=structure’ is= very 
weak to absent. They are medium acid. The reddish clay 
Hands. were found in the BC horizonseof a Tew esol iis. 


Carbonates were not noted above 150 cm depth. 


Unit 52° .Thts “uniteaccounts for the intergrade region 
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between the well-drained areas described in unit 3 and the 
meGyawelLadneaswdescribed in units IF and 2a.) Ihe» landscave is 
undulating, with jnearly level slopes (0.5-2.5%). . Thesoiilis 
miecn iS: UNI ane vmpertectly to poorly drained. Av wthe 
better-drained end of this range, the sandy eolian material 
has a bluish, reduced appearance within 100 cm of the 
Surface. As conditions become wetter outward from the 
dunes; the,organtesmat,atnthe-surfacesnthickens.te¢Soitsythat 
Occur inathbs unit sthus,progressefrom~Gleyedabutrie 
Brunisols at the boundary with unit 3 to a peaty phase of 
Rego Gleysols at the boundaries with units 1 or 2. 

The soils are sandy to loamy sand in texture. They 
have no structure, and are non-sticky. They are neutral in 
reaction, or may be carbonated nearly to the surface. 

The vegetation also gradually changes from very moist 
balsam poplar forest with some willow, to open areas covered 
with sedges, grasses, and swamp birch. Currant, fireweed, 
bedstraw, and mosses are also present. At the foot of some 
of thes»dunes ssaGid=lovingesinubsesucheas gblueberny aad 
Labrador tea are common. However, the soils are not acid, 


and may in fact be carbonated throughout the profile. 


Unit 6: This unit includes areas of deep (more than 


50 cm) open water. 
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Unit “7: “This init “ineliddes ‘disturbed thand tsuchi tas 


roads and ditches. 


Correlations: The well-drained soils at Meadowcrest, as 
mapped in unit 3 and unit 4 do not correlate with the 
Classification -oPssoils on sands’ im -earlier studi és’. @Both 
Bowser et al. (1962) in the Soil Survey of the Edmonton 
Sheet, and Pawluk and Dudas (1982), in a study some 8 km to 
the “soutiy “found ’ the -dominant “sorts on sands “to “be Sluvisols: 
In both cases, Bt horizons were detected, and the soils were 
classed in the Luvisolic order. In the mechanical analysis 
of a Culp Loamy Sand (Orthic Gray Luvisol) the Btl horizon 
Showed an increase in total clay content of 29% over that of 
the Ae horizon (Bowser et al., 1962). Pawluk and Dudas 
(982) found, an increase im clay content of —about- eight 
percent in the illuvial hortzon, sufficient to permit 
Carving, tt fay Dea ORTIZ On 

In the case of the Meadowcrest soils, such an increase 
in clay content was not found. Clay content remains at 
about 4% throughout the profile. If the reddish bands or 
lamellae occassionally found in the BC horizon had an 
aggregate thickness of at least 10 cm, then this horizon 
could be termed Bt (Canada Soil Survey Committee, 1978b). 
However, such was not the case. Because of the lack of a Bt 
horizon, the soils in this unit were placed in the 


Brunisolic order. Perhaps slightly more recent dune 
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activity in this area, or the slightly coarser texture of 
the eolian material at Meadowcrest, originally with a very 
small amount of clay-sized material to be moved through the 
profile, had let to the development of Brunisolic rather 
than Luvisolic soils. The well-drained Meadowcrest soils 
appear to correlate best with the Heart complex, a loose 
grouping of mostly Brunisolic soils developed in eolian 
sand. 

There are no Organic or Gleysolic soils in the Edmonton 
report that correspond with those found at Meadowcrest. The 
Gleysolic soils of unit 5 do not have an equivalent in the 
Alberta Soil Name Filel, The :Organicdsotlsgof whitsel Band 
2 correlate with the Eaglesham complex, where 
undifferentiated Organics developed from sedge peats have 


been grouped (Alberta Soil Name Filet). 


lAlberta Soil Survey, personal communication. 
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4. RESULTS OF SOIL CHARACTERIZATION 


Mic roduet Ton 

In this chapter results of the field and laboratory 
retention moisture flow properties, bulk density, moisture 
retention and Atterberg limits (plasticity) will be 
presented. Thes@-will+be discussed’ onthe’ basis of the 
mapping units used to describe the soils at Meadowcrest 


Eescates*and*at’Springhif 17 Park* 


Moisture Flow Properties 

The Air-Entry Permeameter: The advantages of the AEP 
compared to the double-ring infiltrometer are reported to be 
its speed, accuracy, and low water use (Topp and Binns, 
Lovo YINnis' study Ure’ Hoty set* outs to’ compare*tnheraccuracy 
and precision of the AEP and the double-ring infiltrometer 
except in a very limited way. Here, the field use aspects 
of the two techniques were the main considerations. 

The AEP gives a much quicker result than does the 
doubdeering infiltrometers Once thems tem ts#preparedy and 
the instrument is installed, a value for hydraulic 
Conductivity’ canbe’ obtiaihed® in- from’ 15 -minutesetoP one or 
two hours. However, the test cannot be immediately repeated 
on the same site as it can for the double-ring 
infiltrometer. This also means that if something goes wrong 
after the water is added, results often cannot be salvaged 


for that: sites =This® does’ not’ present ‘a iprobiem* af'tests* are 
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conducted abathessoi Lesurfacesy.as atheist runenteisenot. at 
Shy GLtLicuLlt toamovesand+se-instalh. «ahh. though, “assin the 
Case Ofsthis studyspnthe testing.«igsat cachevel sabe low the 
SUBhACe then .onesmustreithenywait «fog ithe isitestoadny,ron 
dig another hole and move the AEP. 

For the double-ring infiltrometer, pre-soaking of the 
test site is necessary, often requiring several hours for 
equilibrium flow to be established. Running the test itself 
then requires a relatively short time. The time can be 
controlled to a certain extent by choosing a time interval 
Over which the outflow of water is observed, but 
fine-textured soils may involve two or three hours for the 
tests themselves. 

The AEP does use much less water than the double-ring 
infiltrometer. On average, testing with the double-ring 
requines 150 kL of water per site. . The :AEP, by, contrast only 
requires 10 L. The size and weights of the two instruments 
are comparable, and they both require a number of accessory 
items of equipment, such as hammers to drive the rings into 
the -ground, .levels ,<and <so,con., The ABP misiymoge keasi hy 
installed by one person than the double ring, because of the 
design of the hammer, which distributes the force of the 
blow evenly around the rim of the cylinder. The 
double-rings can be hammered into the ground by one person 
Witih la mal ket. Dutiethe apresence of ‘another person to keep 
the ring from bouncing on hammerimpact was found to be of 


great help. Also, in soils with very rapid flow, one person 
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could not cope with reading the instrument and maintaining 
eneewatert level tmethée i outer, Abdffenurinag. 

ihe  AEPSCingoether qualities! faklsashornt oftthe 
double-ring infiltrometer. The initial moisture content of 
ehe soil to be tested is more critical for the AEP than for 
the double rings. The sandy soils at Meadowcrest, with 
their very low clay content, could not be tested with the 
AEP during the late summer and fall of 1980. While not 
Saturated, the soils were moist to the touch, and coarse 
enough that the small tensiometer on the AEP could not 
maintain a detectable suction. Thus, the passage of the 
wetting front would go undetected. Trials earlier in the 
Summer with Dr. Topp at a similar, nearby location when the 
soils were much drier, however, had given very satisfactory 
Resultss 

The AEP is also less robust than the double-ring in one 
eritadcal*@area; ithe tensiometer. Before each test, the 
tensiometer had to be purged of air and checked to ensure 
tehat2itiwas holdingraoseatvecThe ceramic: tipeisuhel di in 
place by a screw, with gaskets, cut from PVC tubing between 
the screw, the ceramic section, and the hollow metal rod. 
The tip can be easily broken by over-tightening the screw, 
or by pushing it into the ground too forcefully. Of course, 
the tip can’ also be* broken by being pushed against a rock or 
pebble or some other hard object or layer. The gaskets 
become worn as the tensiometer is installed and can pull 


away from the tip, breaking the necessary seal. The gaskets 
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themselves must be cut by hand, an accomplishment requiring 
some “practice, Overall, the AEP requires slightly more. care 
to install and use than the double-ring, but retains the 


great advantaye of being both less time and water demanding. 


morsture Fiow Properties = Springhill Park: At Springhill, 
the air entry permeameter was used at sites in units 1, 2 
and: 3° to determaneghydraulica conductivity. ~The other 
mapping units were imperfectly to very poorly drained, and 
were not tested. 

The field measured hydraulic conductivities for the 
three units are-given in Table 8 along with’ the average 
values for the hydraulic conductivities, of cores removed 
from the AEP test. 

The arithmetic means and geometric means of the values 
obtained are also listed. The geometric mean was suggested 
by Topp and Binns (1981) as being more applicable to use 
with hydraulic conductivity as it dampens the wide 
variability often encountered in hydraulic conductivity 
determinations. The geometric mean is the nth root of the 
individual valves. .00- 

geometric mean = (X1X2X3---Xn) 1/0 623).. 
where n is the number of observations, and x is the value of 
the observation (Zar, 1974). | 

In its use in this case, the geometric mean differs 
very little from the arithmetice fOCeuUnt eS. cuando. — For unit 


is though, the ef tects otz one erratic value on the 
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TABLE 8. Moisture Flow Properties and Bulk Densities at 50 
Chor? Springhill. Clay =Cilay= 0am elu vis cao o1 IS 
Grid 
tiie 9.0.1) | Location Kaep err Bulk Density 
(em/sec) * (cm/sec) (g/cm3) 
1/Uncas 540 475 8.63x10-9 
280 530 5.02x10-9 
440 449 7.66x10-9 
280 570 4.85x10-9 
365 285 6.40x10-9 
284 300 3.93x10-9 
615 207 1.26x10-9 
645 207 pe NO: 
430 265 4.54x10-3 1.62x10-9 Lea 
675 585 VeQexrd-eseee 621i 1.40 
530 150 5.85x10-9 3.48x10-6 Basal 
Arithmetic Mean es ante 
Geometric Mean ae. 
2/Tawayik 638 290 6.93x10-° 
645 333 8254010705 a23x10<! 
3/Cooking 570 630 3.34x10-5 9.95x10-9 64 
Lake 175 439 2.46x10-2 8.94x10-/ 258 
550 660 3.58x10-9 
225 315 3.99x10-2 4.08x10-6 1.56 
610 635 TeOlxt0c4 
Arithmetic Mean 4.69x10-° 
Geometric Mean 4.12x10-9 
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1 Average of three values 
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arithmetic mean are much reduced by using the geometric 
mean. 

Tests were conducted at 50 cm, which for all soils in 
the three units would be within the Bt or BC horizons. For 
units (lLrand 3, cbothedeveloped in till athe selay icontient: of 
SUCMANVOTYWZO NS eS FAbOwt 35%, while sf oncunte2ewac kay: feon tent 
bortne Bt is abdut 66%. It.-should_thusibe expected, then, 
that K would be considerable slower for unit 2 than for 
Dye eeS: a lsomes oy Vibtiseris mot «the ycasie:< 

For unit 1, all but two of the eleven sites had 
hydraulic conductivities in the order of 10-59 cm/sec. The 
remaining two sites had greater rates. At least one case 
G262:2%10;-4 cm/sec) showed evidence of a macro pore or 
channel permitting rapid flow, with bubbling through of air 
inside the permeameter chamber while the pressure was stil] 
ime neasing.) pAtcthe tokherm istte (with t(kgep san 4.54x10-3 
cm/sec) there was no obvious problem, such as early bubbling 
or failure of the tensiometer. No structural cracks or 
fissures were obvious, nor were there any apparent textural 
differences. There was a suggestion, though, that the 
tensiometer was not able to respond fast enough, and that 
therwwet tting Bfiirontihadisi mde ed) ipdsisied uiti gkong: berone guhtsriwas 
indicated. Without any evidence of major voids, though, the 
relatively rapid flow through this soil cannot be completely 
explained away. 

Bys continast,)st he values for the laboratory 


determinations show much greater variability with values 
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ranging from 10-9 to 10-5 cm/sec. Theoretically, they 
Should be more variable, since they sample a smaller volume 
than the air-entry permeameter. The AEP thus gives a more 
“average” conductivity value than the cores. Large 
Structural cracks and macropores may have been included in 
the AEP volume, but were purposely excluded in taking the 
cores. 

Since the cores were taken from within the large 
permeameter cylinder, there may have been some compaction, 
especially since the soils were in a resaturated condition 
(Topp and Binns, 1981). By reducing pore space, this would 
serve to lower the obtained value of K. Another factor, 
probably more important than any compaction, was the 
swelling of clays and the sealing of fine passages to 
moisture flow. These cores were very difficult to saturate 
asdréquired ‘before thevfalhing head «test«can *be ‘carried 
out. Several days of soaking were necessary. According to 
a mineralogical analysis of the clay fraction of a Bt 
horizon: insansOrthicrGray Luvisol«(CookingeLake | series ) 
north of this site (Crown and Greenlee, 1978), 40 to 60% of 


thewchaypfiracttiony consisted .of «smectite> “a highly swelling 


Clay: (@tihe Btakoriizons: of aflethetbuviselictsotis emetinl in 


the subdivision are very similar, and closely resemble this 
site seincalteother aspectse Sitlishreasonadle togexpecti that 
the proportion of swelling clays should be about the same 
for the Springhill soils. If this is so, then swelling and 


sealing of the flow channels is to be expected. 
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The values for unit 3 are very similar to those for 
inet, Da For the ai ive-lstites Sampled in unit 3, the 
arithmetic mean Kaep was 4.69x10-° cm/sec, while the 
geometric mean was nearly the same, 4.12x107-° cm/sec. The 
hydraulic conductivities based on the lab determinations 
varied between 10-6 and 10-9 enpsecsrwithemose tin etheeorder 
of magnitude of 10-8 em/seca “SAS flanmtanit Wmttha habonatory 
values were much lower than the field measured values, 
likely for the same reasons. 

Despiterethe hitghtcay content oftethestntt 2asoiks, 
field-measured values of Kaep are of the same magnitude as 
for units 1 3nd 3, This clay content would be expected to 
reduce the hydraulic conductivity, compared to these other 
UnTeSSa DUH Papparentrysdoes note. Rihe Yaboratony 
measurement of Ksat are also in the same ranges as units 1 
and 3. Perhaps well-developed cracks and fissures in these 
strongly’ structured soils are contributing to permit :more 
rapid flow than would otherwise be expected. fhe bulk of 
the flow in the other two units may well be following 
Similarnwstructurabtvoidsstandahenceethere*ts tsamilanity in 


flow properties. 


Other measurments of hydraulic conductivity, whether in 


the field or in the laboratory are very scarce for the soil 
series correlated with the Springhill soils. Bowser et al. 
(1962) report a constant head value for the Bt2 horizon of 
an Uncas loam (a Dark Gray Luvisol) at about the same depth 


as the Springhill measurments, at 5.6x10-4 cm/sec (0.8 
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in/hr). This is equivalent to the most common soil found in 
undts le)! ForgsatFalum? loams™a Dark "Grave Chernozemice2 Dark 
Gray Luvisol intergrade that corresponds to a significantly 
occurring? soilminwundte 13. thet constant» head valuet for®the 
Belew ashy 2% 10 en / Se cm(044 in/hr). No constant head 
values were determined for the Cooking Lake Orthic Gray 
Luvisol that correlates with the dominant unit 3 soil. 

The values are high compared to the laboratory 
determinations on semi-disturbed cores, and even a little 
nvon compared ™ to’ the: fields tests. ¥ Thel tests as’ carried’ out 
in the Edmonton Soil Survey, though measures hydraulic 
conductivity through a ground, re-packed soil sample 
(Hayward, 1954). Reeve et al. (1977) observe that this test 
is most appropriate for soils that have weak structure, and 
that relative rather than absolute values are being 
determined” The®Springhaill®solls- have®'strong' structure, 
which would be destroyed using this technique. The values 
as listed in the Edmonton report cannot be compared with 
thoser found inethhse study. 

Some infiltration rates obtained using the double-ring 
infiltrometer were determined at the surfaces of two sites 
with Orthic Gray Luvisols of the Cooking Lake series 
(Chapter III, this document). The average infiltration rate 
was 3.8x10-4 cm/sec at one site 19 km north of Springhill, 
And#ato thes otherserokm easts® thestiaverageywas 8.8x10-9 
cm/sec. These values are more rapid than Kaep- However, 


results of the two tests must be compared with some 
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reservations. According to Topp and Binns (1981), Kaep is 
about half Ksat- The bottom of the double-rings would reach 
into the AB horizons, so that the flow properties measured 
would be for the AB and Bt horizons. Since the AEP was 
installed at 50 cm, it measures flow properties in the Bt 
and’ BC. 

Besides the Edmonton soil survey (Bowser et al., 1962) 
and the=determinations discussed in Chapter Ill of thi's 
document, there does not appear to be any other information 


avdaiiapleron hydraulic conductivity for vtnis: suite. of «soils. 


Moisture Flow Properties - Meadowcrest Estates: The 
principal method for determining hydraulic conductivity in 
this area was a constant head laboratory procedure conducted 
On soil cores (Table 9). Some field measurement of surface 
infiltration rates determined by the double-ring method 
(Chapter III, this document) and core-based Ksat values for 
three additional sites are included in Table 9 for 
€Compakison. ~ Iwo shtes, corresponded tomthe unit 3 
definition, and the other to the unit 5 definition. 

For Meadowcrest unit 3, consisting of well-drained 
forested dune areas with Brunisolic soils, the arithmetic 
mean of the Ksat determinations was 3.93x10-e cm/sec. milne 
geometric mean was 3.77x10-3 cm/sec. The small difference 
between the two means reflect the relatively small 
variability in the Ksat values, compared to the Springhill 


tests. For the infiltration test sites; the Kcore values 
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were very close to the Meadowcrest means, one with an 
average of 2.97x1073 cm/sec and the other with 3.05x1073 
emn/secionlThersunface;infiltrationnvalueseare Shight ly 
higher, )atdil<0x10-enand Ge7xn0-2 cm/sec, probably reflecting 


looser packing or better structure. 


Discussion: In general the moisture flow properties of the 
Sandy soils at Meadowcrest were much less variable than 
Caosealorethepti tiesotdsyateSpringhil we Thistwasetnuesfoc 
both the field and the laboratory techniques. This is due 
to the low content of silts and clays and the lack of 
Steuctuce*in thesessoits: 

Theatillesotiis arélstnonglysstreucturedHwith i major 
cracks and macropores that have a large influence on water 
movement. They also contain higher amounts of clays that 
can swell and block pores. This pore blockage would be 
especially important in the laboratory determinations as 
slow saturation can result in a tightly sealed mass. This 
is reflected in the very low values for Ksat determined on 
cores (Table 8). The discussion suggests that laboratory 
techniques could be acceptable to estimate field 
characteristics of sandy soils, but would be questionable 
for clayey materials. 

The other notable feature of the measurements is that 
hydraulic conductivity on the sands is about one hundred 


times the conductivity on the dense subsoils of the Cooking 
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Gener Physical properties 

Ine results of the-tests for bulk’ density and morsture 
Perent yon for-thensor)s dat\Springhit lo are Jisted in jabJe 
10. Bulk density and moisture retension data for the sandy 
Meadowcrest soils may be found in Table ll. 

The bulk densities determined at Springhill and 
Meadowcrest (Table 10 and Table 11) tended to be higher than 
Enose form the inrultratronitest sitest(Chapter 111 je) At 50 
Cia resurcs 10m tne sandy Solis trom tne Imflltration sites 
were between 1.33 and 1.49 g/cm3, while for the samples 
collected in this study the values were between 1.52 and 
1.59 g/cm3. The latter values are more typical of other 
values reported for soils of this texture (Hillel, 1980). 

St nonrzon bulk density forea Cooking Lakewsite In Chapter 
Prt was 130PG7cm°. 9 For Unit’ 3 the 50° cm bulk density (Bt 
horizon level) was between 1.55 and 1.58 g/cm3. However, 
Gheserrects of thesuvdaraulic conductivity Lesvs (one tne comes 
may have had a strong effect. Some material may have washed 
Our of ‘the cores: especial ly irom tne psandy gsois. i tror une 
clay loam till soils swelling of the soils and then trimming 
the upper and lower surfaces to fit the falling head 
permeameter would reduce the amount of mineral material in 
the cores, and this also the pulk; density. 

Other reported bulk density values for Cooking Lake and 
Uncas soils (Crown, 1977) range between 1.67-1.80 g/cm3. 
These were determined on waxed clods, though, which give 


higher bulk density values than the core method. The till 
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TABLE 10. Moisture Retention for SDOriINngGniit aC lays coam 
buVviis oPre Sols: Sat PSO. aia! 


Grid 
Location 


Unt 7S0 7 | Volumetric Moisture Content (%) 


L5 Dar 


1/Uncas 


O82 
2/Tawayik* SUZ 
s/Cooking 3425 

Lake 


armerssumed bulk tdensitty sof 1245 g/cm 
e=~ SAbmormal by ‘high 


TABLE 11. Moisture Retention for Meadowcrest Brunisolic 
Sandy *Soilsivat: SO. cn: 


Grid 
Ont / S07. | Location Volumetric Moisture Content 
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of the Cooking Lake moraine has been noted to be variable in 
its) degree.of, compaction; this: could.expladnnthe 
differences. 

Moisturey retention values.forythe.clay;soils.at 
Springhil],.are. presented. in. Table 10. The, values. for the 
Cooking Lake and Uncas soils were very similar, while those 
for the Dark Gray Luvisol in lacustrine (Tawayik series) 
were slightly higher. Some of the 0 bar values, especially 
for the Tawayik soil, are very high, and are suspect. 

Moisture retension values were assessed for a Cooking 
Lake Luvisolic sequence site (Crown and Greenlee, 1978). 
bhere,.the 15,bar,moisture, contents forp,the,Btshorizon was 
14%, while in this study it was 26 -35%. These values may 
seem high, but since they were determined on semi-disturbed 
cores, the values should be higher than those determined on 
ground sieved samples, as at the ISSS: site. 

Moisture retention values for the sandy Meadowcrest 
soils are presented in Table 11. These curves were all very 
Similar, with)a venys sharp. drop. in, moisture content sas 
suction increased.fromezero,to one, bar. sTadseis sconsistent 
withithesvery wlowgsilt and clay contents. At Yoebars these 
soils are much drier (about 6% moisture content by volume) 
than: the: Springhillesoilss, which»have,25-30%,-moisture 
content. 

The volumetric moisture content at zero bars gives a 
measure ofethe Gotal poroSsityrObethessoileyeAs thegsuiction 


is.increased and the moisture content, decreases,,the change 
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im MoTsSture’content*1S equal *to* the poral volume of pores 
tnat Nas»drained. “AS *Stiction® increases ™=further, «narrower 
and narrower pores will be drained. 

The*resuits’ of the*Atterberg Timits* trrals*torethe 
Springhill soils are given in Table 12. These trials were 
conducted on samples from the detailed sampling sites. Also 
Misted* are the=oraginal*clay* convents: of each’ nhorrzon. 
Coarse sand was removed before the limits were determined. 

The Cooking Lake and Uncas soils, which dominate units 
Send ls haves iiqurd= limits= at tess™than Seg norcure 
Content, and* plascrcity. indexes” on Wess than pao in alt 
horizons. The Dark Gray Luvisols in the lacustrine veneer 
over till (Tawayik series) have higher clay contents than 
Cher titl Sotls, and’ the Tiquid= limits are at more tnan, o0Z 
moisture content. The plasticity indexes are greater than 
45. For the Gleysolic soils in unit 5, where texture varies 
Uramaticatly wirtn depen. the strong effect thats clay conten: 
hasvon the Atterberg limucs: iS Clearity, demonstrated. in the 
Bg, the 60% clay content 1s associated with a liquid Vimit 
Ore sls: in the ICq."Wwneres clay content, ismonmyo1o,, cine 
Thcutdslimit 1saac4 a. 

Therefore, where clay content is high (Tawayik and 
Prestville soils),.-the liquid limit and plasticity incexmanre 
high. Where clay content is less, LL and PI are also less. 
The plastic limit shows a much weaker response to clay 
content, since while the absorbed water layers impart 


plasticity, they are being held too rigidly on the clay 
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Barta cles. tojbal ow the soil sto flowweceor example, for the 
Unt 3 sot]! clay content increases from 15% in the fe to 
bore nethe? Bins > dhe liquid limitWdnereasespate the Samet tane 
mrom (8 "to)l 37. “The plastic linitewemains —constant atin 4. 
The Ap horizons of most of the profiles have relatively high 
Brquid. andjplaszic limits; consideging theirechay contents. 
This can be attributed to the effects of the relatively high 
organic matter content of these dark surface horizons. 

the well=dgained unats, 15 2%eand.<3, “are the onesamost 
likely to have sewage disposal systems installed in them. 
The maximum plasticity indexes are generally associated in 
aliluthese unitsawith! thesBt.-or? BC e@horizons, which are adso 
the depths at which a sewage disposal system trenches and 
weeping tile would be installed. The higher the plasticity 
index, the greater the range of moisture contents over which 
the soil may be puddled, and rendered much less permeable. 
Hence, greater care must be taken during construction on the 
Sites ewithbhighepliasticity. The S015 “Of WUnat | 2iwiilebe 
more susceptible to such damage during system installation 


than the Uncas, and Cooking Lake sov.ls whivehedominate units.) 
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a. LAND EVALUATION FOR ON-SITE SEWAGE DISPOSAL 


Application of Evaluation Systems 

Using the information that has been collected for the 
Springhill and Meadowcrest areas, the mapping units can be 
rated according to the several evaluation schemes discussed 
in the literature review. 

Table 13 rates thevunits at Springhid!] Park for 
effluent disposal according to the USDA regulations as 
outlined on pp 31-32, and also indicates the kind and 
severity of limitations according to the US "Soil 
Conservation Service guidelines (Table 1). Although they do 
not measure water flow in the same way, hydraulic 
conductivities were substituted for percolation rates in the 


foliowing way (ULS. Soil conservation Service. 1978). 


Percolation rate Hydraulics Conductivity 
8-18 min/cm 2eo= Vo em ant 
18-24 min/cm Loa se Clmy.tiee 


These water flow values are critical values” in “these 


evaluation systems. 
For the Soils at) Springhilh,. thesaveragesvaiues: of 


field hydraulie™ conductivity have been converted? rom cm/sec 


vorcm/nre as follows: 


KUN t 7 Sonn K(cm/sec) K(cm/hr ) 
Ya ee ae Eee 

Unit 1/Uncas 7.32x10-5 (25 
Unit 2/Tawayik 2.43x10-9 . 08 


Unit 3/Cooking Lake  4.12x10-9 14 
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TABLE 13. Springhil] Park ratings for on-site sewage 
disposal - USDA and US Soil Conservation Service 
Crier iar 


Map Unit USDA | Soul -Conservation Service 
Pass) =k ad ScGe Moderate severe 


ld-h perm 

ld-i r 

le-h r 

le-1 u 

le-r r 

lf -i perm,slopeé perm,slope 
Lior perm,slope perm,slope 
2C-W perm perm 

3C-W perm perm 

3d-h : 

3d-i 3 

3e-h 3 

aur perm,slope 
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Recording to the USDA criteria, all threesof these units 
would fail to meet the standards because of slow 
pepmeabilitys “Units 4,5, °6,. and Swould fel because on 
high water tables. 

Under the US Soi] ‘Conservation! Service «standards... al | 
well-drained units (Units 1, 2, and 3) are severely limited 
by their low. permeability. Units 5, 6vand 9-+are akso 
severely limited because of the presence of a seasonal high 
water table. The indications of gleying and mottling are 
not as strongly expressed in unit 4; this unit was therefore 
considered only moderately limited by drainage. However, 
permeability-is hikely in the samesnange «as that for unit 2, 
and so unit 4 should still be considered severely limited. 

Units le-h, le-i, le-r and 3e-h are moderately limited 
because of dominant slopes in the 9-15% range. Units lf-r 
and 3f-i are severely limited by slopes exceeding Lor. 

Table 14 presents the USDA and US Soil Conservation 
Service ratings for Meadowcrest. 

ine taverageaivdraulic conductivities ef Om eso il sene rer, 


when converted from cm/sec to cm/hr, are: 


Unit/Soil K( cm/sec) K(cm/hr) 
Unit 3/Heart 3 el One 14 
Unit 4/Heart 5.29x10-3 19 
Unit 5/Sandy. Gleysols 2.72x10-3 9.8 


‘Rates greater than 13cm/hr may present a pollution 
hazard if the site is in close proximity with water bodies 


or the water table (Coen andsHolland, 1978). (Since this is 
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TAGEE- 14. Meadowcrest Estates ratings for on-site sewage 
disposal = USDA and US@SOTT* Conservation service 
critter at. 


Map Unit USDA Soil Conservation Service 
Pass rail Moderate 


high seasonal or permanent water table 
unsuitably rapid permeability 
excessive slope 

subject of flooding 

not applicable 
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the case at Meadowcrest, the rapid water flow properties 
must be considered a hazard in units 3 and 4. nccordang to 
ther USDAg Speed fications ,sisitesaanwithese! unitsewould fail. 

Adis od herliunse tsoalsobed aidetolmeetr thes s pe caifalcataonse 
Unit, Sahasoacceptabile flow properties: buttit: also! hase a 
apne watere tab efhas! dos wn t's- 144 2eain dé 6K 

According to the US Soil Conservation Service 
Ewald wata onsg luna tise lhe 25259 an diéearetsevereily Gamided by 
the high water table. Units 3 and 4 are severely limited by 
the excessive permeability combined with the shallow water 
fabie.s Sloperalso presents a moderate hazard for unit 3e. 

According to Bouma (1974), many of the limiting 
Situations can be overcome by proper construction and 
management. For the slowly permeable Springhill soils of 
units 1, 2, and 3 that are otherwise well-drained, 
interpretation of this paper suggests that the problems are 
enhanced by biological clogging and by puddling or smearing 
the soil during construction. A conventional trench 
Systems her suggests, cane bes used3n bute a seriese off trenches 
should be excavated, rather than an entire bed. This will 
reduce the possibility of compaction of the future 
infiltrative surface by it being repeatedly driven over 
during construction. He also recommends the introduction of 
periods of aeration to allow the breakdown of the components 
Of biological-€logypingss) Stidd,® thertrenchasystems widduneed 
to be large compared to more rapidly permeable soils. 


Where the water table is never closer than 30 cm to the 
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surface, but less than 1.5 m, a mound system with the bed 
installed on top of 60 cm of fill covering the plowed 
surtacerot ithe tordginal -sotldcancbetpuwitseas ban 

alternative. This’ could be used in Springhill sunit 4b-u and 
4c-u, and possibly 5b-w. At Meadowcrest, this would be 
appropriate for the less well-drained parts of unit 4, and 
the better draimed members of unit 5.° Subsurface tile 
drainage could also be used to lower the water table. 

The very wet organic mapping units at both Springhill] 
and Meadowcrest would not be considered correctable by 
Botmarsecriter tay 

The rapidly permeable sands typified by Meadowcrest 
units 3 and 4 were considered to function adequately except 
for inadequate nitrogen removal; however, no solutions were 
offered to overcome this. Conventional seepage beds or 
trenches are recommended. Problems of excessive slope are 
not discussed. 

The University of Minnesota guidelines (Machmeier, 
1981) offer much the same solutions to the same problems, 
although in much greater detail. 

The use of mound is recommended for situations where 
the water itable sis twithin'] m®of the surfaces (suchifas 
Springhill units 4 and 5, Meadowcrest unit 5) or where the 
percolation rate is greater than 47 min/cm. 

For well-drained ssotls with percolation rates between 


24 and 47 min/cm, Machmeier (1981) considers it possible to 
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provide excellent sewage treatment, provided careful 
construction practises are followed. This should be a 
COnSi dema tion ein, eehe ati li sand, «kac usitrine: nsodks tof athe 
Cooking Lake moraine. Construction must take place only 
When? 2the soi «notsture icont ent sisetbe low ythesplas.tical iat; 
thereby avoiding any compaction, puddling or smearing of the 
Soil that would destroy its natural structure and severely 
Reduce mitt capab i huty tra acceptimater. 

BO Sprite hi Ish guini.ts Tivand) pss ewikth: epiliatsit ikey | Tlimigtess galt 
moisture contents of no greater than 18%, this may limit 
Gon sunuction asespecia lly sinmnthe springe  tinnuntiiteecwait 
Spiral y ihe gpsbas ties elim ite 11S) na bout 42.5%, esor that» working 
tmese sollseat “higher: moisture= contents than those. tor units 
1 or 3 would be permisable. However, from the moisture 
netentiion tof orma htons nthe tun ict t2 sso inks. vane-aa kso. tharder to 
dry out, so that the chances of moisture content being below 
the plastic limit-are «shightly less. -Puddling and smearing 
will not be a problem for the Meadowcrest soils since they 
are non-plastic. 

Where the percolation rates are rapid (between 0.05 and 
2 min/cm - as in Meadowcrest units 3, 4 and 5), three 
techniques are suggested to maximize treatment. One Sh G0 


use aTlayer: of) ifinemsysoi|) tmatenial (between, <tie cexiisihi ngrson 


and the crushed rock or gravel used in the trenches. \ 


Another is to encourage the development of the biological 
mat which will slow down infiltration and improve 
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evenly: distributelthe effluenttiover the entire area of the 
Seepage bed. 

ThecUniversity* of Wisconsin approach’ has taken®*the 
Bouma approach one step further. The McCormack and Johnston 
(1982) approach takes it a step still further, where present 
and future costs of a system are calculated. 

However, this approach requires considerable input from 
government and industry sources, and its applicaton was not 
feastbhe in thisestidys.  Thissapproach* would ybeeof! great 
value to the consumer. It may also encourage better choice 
of systems, as a well-designed, trouble free systems will 


undoubtedly be more economical in the long run. 


Discussion: This examination of the different evaluations, 
started with the pessimistic situation where most units in 
both subdivisions* fail to meet the USDA. standards. “At 
Springhill, the problems were sometimes because of very slow 
infiltration, sometimes high water tables, and sometimes 
excessive slope, with the latter two in combination with 
slow infiltration. At Meadowcrest failures were due to high 
water tables, and excessively rapid infiltration which might 
easily allow groundwater contamination. 

The US’ Soil ConservatthonnSecvicercliasshtica tion tpenni¢s 
greater breakdown of the problems that could be encountered, 
butestihl coffers apo ssolutions. fF tAtesSpringhillh, tthe slow 
permeability is such that the limitations are severe. The 


Meadowcrest soils are also severely limited, but by rapid 
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through-flow and high water table. 

The most successful approach seems to be the one that 
identifies a problem situation and attempts to correct it, 
such as the Machmeier (1981) or Bouma (1974) approaches. 
Ideally, costs would be included, and something like the 
Fritton (1981) flow models could be used operatively to 
design the systems. 

THESSP ring tianitsed;@2neandteecouldshaversiuccess ful 
Systems if the construction is very carefully carried out 
andett thevabsorption area is “adequated ysiizedgerSites, Wn 
unit 4 could be made usable by raising a mound over the 
Surface. Sites in units 5 and 6 may be correctable with a 
mound system, but, in general, should be avoided. 

The Meadowcrest units 1 and 2 cannot be considered to 
be in situations that can be ameliorated, as water tables 
are at the surface for most of the year. Performance in 


Wait. 3) sites can ber inproved, agains by <DUldingea Mounds..0r 


alternatively by ining the trenches with finer material. or 


by otherwise slowing down infiltration by encouraging the 
development of a biological mat. Unit 4 sites could be 
improved in the same way, but in some situations the water 
table may be near enough to the surface to require that a 
mound be raised. Unit 5, being poorly drained, and usually 
having seepage within the sola probably should not be used, 
although raised mounds may sufficiently raise the system 
above the water table for safe system operation. 


The soils “ime tneSe asuDdlvISTONnS represent exci eme 


126 


tens: Sh ant cag ‘oF BuPSs i, raiding: Fab 25 0 ‘00m 98 
iportee) ae stim 80 Ae ephgnuste: mat dong 5 ae 
pnb Fonts SMR | 


re (EVeL) Bee te td 


I bt 


ache = 0 rivjgaee PRE babu hawe ee bivdw @280>: at o 


‘¢enene beeo ad ae gtabin wot? {15> ones 

ae | <emaeteye ont. 

WFersouve ove DPNOo 6) Rb eee zatow is Rentaae: 
yotvies yf lareses. eter a sabia sieienos sia. Fh 
jt? beste Yl teupehey ae wahe- nba ersede eng? 

aftr tele. igo, ghee feel éhdsew: stem oa biuon) & 5 

w of dbo sd Via Bee t é4inv. nth eetk) 
pebi avs od behwatte Tassowd! wt: avue ia ce 

Ot HATED MeNOS, He TOMARS is van of ze th Jassowohsen afte 4 


Git Te dah, 88, «eo 2 eiOT ey Bal ee seed savisanaites ri ‘ 
- 


-"ai exneaweinad. ai afi Wis son al Santo ont te) 
AAs a 
1 , ate & PW reat c m: afe reverent sf” née ie: 
. wis we 

1 ,fetvetean ven" efi swntsivariay sad gmat “a vievid 
aAy piyioesuconsg r “Ao eapndllptae aww gntwote getwns 
ta BLOba ABF2 ey eee {usigot ots “6 Yo nse 
veraw of¢. edordanrts ynde nd tue gem nage oat ont ba C . 

& Gear andapan .e2 sombnpe algeat fewore won od: yen abel 


et egal ‘ohe ber) asD lage mh 7¥a barter “ BI 


on 
Th 
_ 
amy, ee. 


‘ nod dansiye perk Wee . ‘* 


2 y can 
> ae & 


12/7 


Situations for sewage disposal in the Edmonton area. By 
Gonvrasts; the ~Chernozenic :soriss -discussedwinechaprer ell of 
this study, including the Angus Ridge, Beaverhills and 
Winterburn series with deep well-drained medium-textured 
Soils should be able to provide excellent treatment, with 
little deviation from standard design and construction 
practices.<* Thesexareshighly producti ver soiiss thoughszand 
their use for dwellings would mean their loss for 


agriculture 
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V GENERAL CONCLUSIONS 


Li The soils of the Edmonton .area are highly diverse in 
terms of their soil development and parent materials. The 
hydraulic conductivities of these soils are also highly 
diverse. Soils with fine-textured lacustrine and residual 
parent materialsare associated with low rates of hydraulic 
GCONAUGKIViLTYS sin hieltar ation, and percolation. aeSo itl.sa awiiith 
coarse-textured fluvial and eolian materials have very rapid 
rates. The Luvisolic to Chernozemic sequence of soils 
developed on till in the Cooking Lake moraine area 
demonstrate the powerful effect that horizonation can have 
on flow properties. The Chernozemic soils permit rapid 
flow, while the Luvisolic soils have much lower flow 


QiC eS) « 


Dee The air-entry permeameter proved valuable in measuring 
hivdihau bic, IGonductiomkty, becayse it was fast, used much jless 
Water than the dowble-sring infiltrometen. “and gave 
reproducible results. However, the AEP required careful 
technical application and the tensiometer tip was subject to 


breakage. Also, it cannot be used in: Very M0 tSts'0.1.1'S% 


cA Hydraulic conductivites measured with the air-entry 
permeameter at Springhill were Similar for all well-drained 
soils, with values of around 5.0x10-9 cm/sec. Laboratory 


measurements on cores gave results one to three orders of 
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magnitude less than the field values. This difference was 
eCtrRibuteditoestronggsotl strictare@andvthecaresence OF 
Swelling clays. These laboratory determinations did not 
give a good estimate of field water behaviour for these 
SEtes : 

Laboratory measurements of hydraulic conductivity on 
cores from the sandy Meadowcrest soils (Heart complex, with 
dominantly Eluviated Eutric Brunisols) averaged 3.9x10-3 
cm/sec. These measurements agreed closely with 
field-measured infiltration rates. This similarity is due 
to the lack of structure and very low clay content of these 
soils. Therefore, these laboratory determinations on these 
Soils should give a good estimate of field soil water 


properties. 


ite Limitations for on-site sewage disposal at Springhill 


are due to slow permeability in fine-textured material, high 


water table, and steep slopes. 


ome Limitations for on-site sewage disposal at Meadowcrest 
are due to excessively rapid permeability in combination 


with a widespread high water table. 


6. The USDA criteria for on-site sewage disposal are of 
limited use in that they do not indicated that specific 


corrective action may be possible in some situations. 
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The US Soil Conservation Service units guidelines for 
sewage disposal recognize that corrective action may be 
BaKen -in *some situations ) but "makes no sefftort to tdictate 
what action could be taken. 

The most valuable approach for the homeowner would be 
One that defines the limiting situations and specifies the 
alternative corrective measures, including their initial and 


long term costs. 


TES The important properties to consider in an evaluation 
are the depth of unconsolidated, well-aerated material, the 
moisture flow properties of the soil, the slope, and the 
estimated system load. Other factors that may influence 
sonsuructtiion techniiqdes; such as the plasticity of the soil, 


Should also be examined. 
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VI RECOMMENDATIONS 


SEWAGE DISPOSAL RECOMMENDATIONS FOR SPRINGHILL PARK AND 
MEADOWCREST ESTATES 


Ne Sprinvgniel untves 44P 25and sSrequitre? rentatiive ly Sa arge 
absorption areas for on-site sewage disposal. Careful 
construction is necessary because of the danger of smearing 


or pulddling-'of> the) potential? infiltrative’ surfaces 


vk A Because of the frequent presence of a high water table, 
sices in Springhill Unit.4 requirerthe construction of 
disposal mounds above the surface before proper sewage 


disposal can be achieved. 


oi) Springhill units 5 and 6 should not be considered as 
potential sites for sewage disposal because of the extended 
presence of a near surface water table. If absolutely 
necessary, mound construction may SUTEECTeNoGLy -cOnrectectnls 


Situation. 


A, Meadowcrest units 1 and 2? should=not™be* considered To 
be in situations that can be safely used for sewage 


disposal, no matter what corrective measures are taken. 


On Meadowcrest unit 3 sites may be safely used for on-site 


sewage disposal if infiscrat ion wcan be slowed -slhightty: py 
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lining the trenches with finer material or by encouraging 


Ene development. sof a biological mat. 


6. Meadowcrest unit 4 sites require the same infiltration 
Slowing techniques, but at those sites with Slight mottling 
within a metre of the surface, mound construction may be 


necessary. 


Bs ppMeadowenes:t tuinvishe sd: sities, sbeiiing spoon tyekdr ai ned washou: ld 
be avoided, but if absolutely necessary, raised mound 


Systems may allow adequate treatment. 
RECOMMENDATIONS FOR FURTHER RESEARCH 


BR, The development of evaluation systems that incorporate 
Serine co gin, iti ons iote sunitteienign (s ites Mact ons: wisthiahine 
appropriate corrective measures and their attached initial 


and long-term costs should be encouraged. 


Ge Before any such evaluation systems can be put into 
effect in this province, the water flow properties of 


Alberta soils must be better quantified and documented. 
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APPENDIX 1. DOUBLE-RING INFILTROMETER AND 
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A Calibrated Water Regulator For A 
Double Ring Infiltrometer 


Je. Jv Watek 


Agriculture Canada, Land Resource Research Institute, 
Edmonton, Alberta. 


THE RINGS 


Both rings of the infiltrometer, the 45 cm outer ring (b ) 
and the 20 cm inner ring (a) were made of about 0.5 cm 
(1/4") wall steel pipe. The inner ring was reinforced at 
mnertop fort protiectiion against deformation .thaA exe cm ad 
pipe with a set screw (a) was attached to accomodate the 
regulator stand. 


THE PRESSURE HEAD REGULATOR - CALIBRATED CYLINDER UNIT 


Description 

The caliibratedscylander “(d),. used) toe read the anfadtration 
rate, and the pressure head regulator F(E), used to maintain 
aniconstanits theadiy Tormeone compact} anite about? i00ucmh thigh. 
The body of the apparatus was made from 7.5 cm diameter 
plexiglass tube. & The le cm plexiglass: tube (b); which 
interconnects both components of the unit, was extended from 
lcm above the bottom of the calibrated cylinder to lcm below 
the upper lid of the pressure head regulator. It passed 
thinoughi thes:centrails biiockt dic je toi which ait was ‘airtd ghtly 
glued. 

The lcm plexiglass ventilating tube (k), used to draw 
air into the appartus, passed through a hole in the upper 
lid of the pressure head regulator and ended lcm above the 
clen timad s bil.oc kra(cy)s 

The central block (c) separated the calibrated cylinder 
from the pressure head regulator. Three “L" shaped channels 
are drilled in the central block. Channel (d) which served 
as a drained for the regulator (E) was fitted with a plug. 
Channels (e) and (hy ssierve @s ventse for tnemair spaces X] in 
the calibrated cylinder and X29 in the regulator. Both 
channels were controlled by a twin, straightbore stopcock 
(g), which opened and closed them simultaneously (see note 
2). The upper channel (e) was fitted with a piece of lcm 
plexiglass tube extending from the central block to lcm from 
the uppercddd of) theterregulator.. A short piecetof ia 
capillary tube was fitted to channel (f) so it would 
protrudes about hemmtositthe airspaceaXyeoTtthe calibrated 
cylinder. The upper lid of the regulator (E), made of 
0.64 cm plexiglass4r had a hole for the lecm wentpipe (k). 

The bottom of the calibrated cylinder (D), made from a 
3.8 cmyplexdglasse@ibd ockamhad twos ‘Lieshaped channels, drifded 
in it. > oChannels (hi)eserved asc antoutiet,;randschannel’ (i) as 
an inlet which was connected to the calibrated cylinder with 
fhe reservoir sco em widsamrext ob lemnoses .Botn channels awere 
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Pitted) witha straightbore brass stopcocks. The bore 
diameter should not be smaller than 0.5 cm as it determines 
the maximal measurable infiltration rate and the refilling 
time of ‘thevapparatus. The cylinder calibration was based 
On the ratio of its diameter to the diameter of the inner 
ring (A)5 so that: 1 cm of water in the inner ring correspond 
vo theiechamarkeon the scale of cylinder (D). This 

perm Gvedwandamec: (reading of infiltration rate in cem/time. 
A large plastic bottle with partially removed bottom and 
fastened to the stand served well as the reservoir (C). 


Function 

Height hl is adjusted to cover irregularities in the ground 
Surface (2 to 5 cm) by; raising or Towerting the regulator 
Gate. Helignt: nhovain the wonessure reguiatior (Eb) 1s then 
adjusted to equal height h2 by either adding water through 
the air vent pipe (k) or draining water through the drain 
(d). AdamsMet aly. (1957)5 have. shown that the equilibrium H2 
= 93 15 thesonly acon teol lingecondition for the oroper 
Operation of the apparatus. 

With the outlet valve (h) closed and the stopcock (g) 
and the inlet valve (i) open, water from the reservoir fills 
the calibrated cylinder. (The inlet valve (i) must be 
closed first and then the stopcock (g), when cylinder (D) is 
Peele li 

Figure 1 shows the apparatus with the calibrated 
cylinder and the pressure head at equilibrium. To maintain 
the hydraulic head (hl) in the inner ring (A) water must be 
supplied from the calibrated cylinder (D) via valve (h). As 
water leaves the cylinder a partial vacuum is created in the 
airspace Xj above the water column in the calibrated 
cylinder (D) - both valves (g) and (i) must be closed. The 
vacuum im the dinspacemsar causes air from the airspace X9 of 
the pressure regulator to be sucked via connecting pipe (j) 
to the calibrated cylinder thus creating a partial vacuum in 
the airspace Xz which must be compensaged for by air sucked 
from open space via vent pipe (k). Water in the inner ring 
rises until an equilibrium h2 = h3 is re-established. 


NOTES 


in All seams as well as valves must be airtight in order 
to assure proper operation of the apparatus. 

as Stopcock Cg), SUDStatution =a) ghass stopcock with. a 
teflon plug (Canlab 58-768-4) could be used. Teflon 
plug must be rebored in such a way that both channels 
(e and f) open and close simultaneously. All stems 
must be shortened. Both channels (e and f) in the 
central block (c)) must becdrilied in-isuch a way that 
the spacing and diamter fits the glass stopcock. The 
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A Calibrated Water Regulator for Double-Ring Infiltrometer 
J. Tajek, personal communication). 
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Procedures for AEP Readings 


dt, Level soil surface at desired depth. 

ote Drivecdppropriate cylinder into soil untt approx) .2' 
remains out. 

Sie Remove soil from outside cylinder for clamps - making 
Sure clamps are between brackets on under side of lip. 

4. Drive cylinder in remaining distance leaving about 0.5 
cm between soil and top of cylinder. 

on Eocate high spot. oni cylinder (for Vocation. of salir 
escape valve). 

6. Measure distance from a) ground level to soil surface 

D) USOT eSipnda cea bomtop OT 
cylinder 

ies Tamp soil around inner edge of cylinder with 1/4" 
diameter rod. 

on Place reservoir on cylinder making sure air escape 
valve is at the high spot (step 5) and tighten clamps. 

oe Push tensiometer into soil to predetermined depth and 


allow reading to stabilize. 
10. With air escape valve open - open inflow valve. 
11. When air has finished coming out close escape valve and 
Open valve to air-entry gauge. 
12. Record rate of inflow of water until front reaches 
tensiometer. 
r3.. ‘Close inf low) valve. 
14. Wait for and obtain maximum reading on air entry gauge. 
15.. Close air entry: Valve to prevent..accumulation of air 
in system. 
16. Calculate air-entry value and conductivity using the 
following equations 
Pa = =-Pmin®+ G +-L 


K = dH@® XARZ xCaRr> / Ho SZ = 1/2Pa) 
dt Ree 

where Pa is air-entry value 
Pmin - minimum pressure head in cm (H90) as determined by 
the max reading on the vacuum gauge (air-entry) 
G - height of gauUgemabovesssotiesurface in cm 
A= depth. to.wet. front: injrem 
dh /dt = rate of fall of waters level™ir reservoir just before 

closing supply valve 
Ho = height above soil surface of water level] in reservoir 
at time supply valve is closed ) 
radius of reservoir G 
radius of cylinder. 
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RESERVOIR 


VACUUM GAUGE 


© = SUPPLY VALVE 
= Ls ie TENSIOMETER 
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= = AIR ESCAPE VALVE 
= = “O' RING SEAL 
y Ss & wy: 
i Ve: heme & aD 
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SOIL X) ee ® Sot 
Az WETTING FRONT 
(J 
SOIL 3&0 


Diagram showing components of the air-entry permeameter 
(Catter [opp ‘ands punns, 0976,). 
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APPENDDX 12. “SOT DESCRIP RIONS “AND 
ANALYTICAL DATA FOR SPRINGHILL PARK 
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Map Unit 7 
iOca E-Tron: 
Landform: 
Slope and Aspect: 
Estimated Drainage: 
Sur ta cecRunot f* 
Parent Material: 
Vegetation: 

Classi fication: 
Series Correlation: 


BOruZOn.. Depth <em) 

Ap 0-15 

Ob 15-16 
Ae 16-23 
AB 23-42 
Btl 42-65 
Bt2 65-90 
BC 90+ 


= Spring || 


Grid reference 279 531; site 85 
Hummocky moraine 
10-15%, complex, 
Well-drained 
Rapid 
Calcareoussclay loam ti I] 
Mixed domestic grasses 
Darker Gray “luvs 0d 

Uncas 


upper slope, west 


Description 


Very «dark “qraye@l Om YR sain s loam ato 


Sandy loam; moderate medium granular; 
friable: “clear’ wavy boundary: 15-17 cm 
Giteks 


Moderately decomposed organic material 
consisting toregrasses. andwroots; abrupt 
broken boundary; O-2 cm thick. 


Grayish Drowns (10. YR 5/ 2m) loam: 
medium platy; firm; clear wavy 
boundary: 7=P07cm tnick. 


strong 


Light brownish gray to light yellowish 
browm(2e5¥ .07om) clay loam; strong 
medium blocky; firm; gradual wavy 
boundary. “18<23. cm sth ok. 


Grayish brown to light olive brown 
(2.5Y 5/3m)"ctay loam; “moderate coarse 
prismatic and strong medium blocky; 
firms "gradual iwavy boundany: 20-25 cm 
tai Ck. 


Grayish brown (2.5Y 5/2m) exped, and 
dark brown (10YR 4/3m) crushed colors; 
clay loam; moderate coarse prismatic 
and moderate coarse blocky; firm; many 
Chin -Clayski ws 0nl Vord surfaces aid. ped 
Taces; gradual smooth boundany: 25 cm 
TRC: ts 


Dark loraxishe brown “(2.57% .472em) clay 
loamy massive: tirnm. 
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ia DUN 176 se 
Eocatwon: 
Landform: 
Slope and Aspect: 
Estimated Drainage: 
Surface Runoff: 
Parent Material: 
Vegetation: 


Classi ticatitont 
Series Correlation: 


Horizon Depth (cm) 
Ap Q-17 
AB 17-33 
Bt 33-62 
BC 62-75 
Cca LS+ 


148 


- Springhill 


Grid reference 650 330; site 53 
Hummocky moraine 

2-5%, upper, west 

Well-drained 

Moderate to rapid 

Calica reouspernsm tye ClaVv eta ia 

Brome grass, timothy, strawberry, 
dandelion 

Dark Gray Luvisol 

Tawayik 


Description 


Dark grayish brown 
loam; strong medium granular; 
sticky; clear wavy boundary; 
Rel) dG Kis 


CIOYRS4 f2m) stit 
Sitoahtiy 
16-19 cm 


Yellowish brown (10YR 5/4m) clay; 
SChOnGeti newb lOCky ss siwicKy.s gradual 
Wavy "boundary; *15=18 m-thick. 


Brown (l10YR 5/3m) clay; strong coarse 
prismatic and strong medium blocky; 
Sticky; gradual wavy boundary; 28-32 cm 
Gh Ck. 


Dark®onayishsbrown (2.5%.4/2m)ecl ay; 
weak fine blocky; sticky; abrupt wavy 
boundaty: 12-16 cm thiick. 


Dank -otay to dark grayish brown (2.5Y 
ay im) si ltysclhays massive; sticky; 
moderately effervescent. 
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Map Unit 3 
Bocaviron: 
Landform: 
Slope and Aspect: 
Estimated Drainage: 
Surface =Runoft : 
Parent Material: 
Vegetation: 


Gilassiatcatciron: 
Series Correlation: 


morizon Depth (cm) 
LFH 8-0 
Ahc 0-13 
Ae 13-28 
AB 28-41 
Bt 41-66 
BC 66-110 
C 110+ 


- Springhill 


Grid reference 620 625; site 95 
Inclined surface in hummocky moraine 
LO-15%, suppers. morth 

Well-drained 

Medium to rapid 

Clay loam to sandy cclay eloam till 
Aspen and balsam poplar forest; dogwood 
and highbush cranberry; lungwort, wild 
lily of the valley, strawberry 

Onthic Gray sLaviso] 

Cooking Lake 


Description 


Blacks tos veryidark brown ((/.5YR 2/ 1m) 
partly decomposed leaves and stems. 


Very dark Gray brown (7 45YR) 3/4ne sandy 
loam; weak coarse granular; 
friable;clear wavy boundary; 10-14 cm 


TACK 


Grayish brown (2.5Y 5/2m) sandy loam; 
moderate medium platy; friable; clear 
Wavy poundaryg L2=1/7--cm thick, 


Grayish brown (10YR 5/2m) sandy clay 
loam; moderate medium blocky; gradual 
SnooOtn eDOUNG dry. ale-15 em ChicKs 


Dark yellowish brown (10YR 4/4m) clay 
loam; moderate coarse prismatic and 
Strong medium blocky; firm; gradual 
wavy boundary; 20-28 cm thick. 


Dark grayish brown to olive brown (2.5Y 
Ayj3m) sandy clay lWoamsemoderate ‘coarse 
prismatic and strong medium blocky; 
Lins) 20-56ccm Chick: 


(10YR 4/2m) clay 
loam; massive; hard. 


Dark grayish brown 
loam to sandya clay 
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Map Uaat. 8 
EoOCcatevon: 
Eandtorm: 
Slope and Aspect: 
Estimated Drainage: 
Surfaces Runoff: 
Parent Material: 
Vegetation: 


Glassell Cation: 
Series Correlation: 


Horizon Depth (cm) 
LFH 10-0 
Ahe 0-5 
Ae 5-18 
AB 18-28 
Bt 28-51 
BC 51-100 
G 100+ 


- Springhill] 


Grid reference) 210° 305. site S10 
Inclined 
10-15%, wpper; 
Well-drained 
Moderate to rapid 

Calcareouse gciay loanmtal| 

Aspen and balsam poplar canopy; with 
hazelnut and wild rose, and grasses. 
Or Ch C Grave eu viliso. 

Cooking Lake 


south 


Description 


Slightly to moderately decomposed 
leaves, grasses and roots; abrupt wavy 
DouUn@any. “S210. cnStnvex. 


Very dark 
weak fine 
boundary; 


brown (l10YR 2/2m) sandy loan; 
platy; friable; clear wavy 


Eight- brownish gray. (10YRe 6/7 2m) 
moderate coarse platy; friable; 
wavy, boundary; l2-16-cm thick, 


loam; 
abrupt 


Dark grayish brown to olive brown 
(2.5YR 4/3m) clay loam; moderate medium 
p¥ocky > firm: gradual wavy boundary ; 
Pee Se Cmetnick. 


Dark grayish brown (2.5YR 4/2m) clay 
loam; strong coarse prismatic and 
Strong mediumeplhocky: firm; gradual 
wavy boundary; 43-45 cm thick. 


Dark grayish brown to olive brown (2.5Y 
Ayv3m\ clay loam; Stromoncoarse primat ic 


and strong medium blocky; firm; gradual 
wavy boundary 
Olive brown (2.5 %e 3/3mieclay. loam: 


massive; very hard. 
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Map Unit 4 
Focat hon: 
Landform: 
Slope and Aspect: 
Estimated Drainage: 
Sur Laces Run ost: 
Parent Material: 
Vegetation: 

Classi fication: 
Series Correlation: 


Horizon Depth (cm) 
Apg 0-15 
Btg 15-34 
BCkg 34-78 
Ccag 78+ 
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Grid reference 630 348; 
Undulating 

ORS = 2 he RUS Wes ct 

Poorly drained 

Moderate to slow 
Lacustrine 

Grasses, sedges, potentilla 
Humic Luvic Gleysol 
Prestville 


site 5 


Description 


Blay 
fine 
Wavy 


(10YR 2/1m) clay loam; moderate 
DFOCKY:-#STMGne hye sticky sacledt 
boundary: )4-= V6i cig won ck. 


Very earkedray (ChOYR 37 lm) Mevay amatimix: 
moderate fine blocky; sticky; common 
medium prominent dark yellowish brown 
(10YR 4/6m) mottles; clear wavy 
boundary: Lc cme cinick. 


Gray #(2.5) S/lim)2clayseamoderate affine 
subangular blocky; sticky; many medium 
prominent olive brown (2.5Y 4/6m) 
mottles; weak effervescence with 10% 
HCl; diffuse wavy boundary; 44 cm 
CHLGK. 


Grayvee. oy lm) 
subangular blocky; 
prominent yellowish brown 
mottles. 


clay; weak fine 
sticky; many medium 
(10YR 5/6m) 
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Map Unit 5 
LoOcat bon: 
Landform: 
Slope and Aspect: 
Estimated Drainage: 
Surface Runoff: 
Parent Material: 
Vegetation: 
Classafication: 
Series Correlation: 


Horizon Depth (cm) 
Om 16-0 
Ahg 0-4 
Bg 4-16 
Ccag 16+ 
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- Springhill 


Grid reference 650 230: site Sé6 
Undulating 

Cao (OWer. nonin 
Poorly drained 

Slow to ponded 
Fluvial-lacustrine 
Aspen, alder, grasses, 
Orthic Gleysol 

No equivalent 


and sedges 


Description 


Very dark brown to —black (7.5 YR “2/ 1m) 
organic material consisting of 
moderately decomposed leaves, 
sedges materials. 


grasses, 


Black (2.5Y 2/1m) loam; weak medium 
hac y + NOMS EUCKY Sew Pine sedis Curct 
brown to dark brown (10YR 4/3m) 
mottles; abrupt wavy boundary; 


CHEEK. 


4-5 cm 


CARS ea MA Orci Kene” Ueclan 
massive; non-sticky; common medium 
prominent dark yellowish brown (10YR 
4/6m) mottles; clear wavy boundary; 10- 
Sr em thick 


Grayish brown 


Grayebo Wight. gray(2. oY 6 /elm) 
weak fine granular; non-sticky; common 
medium prominent yellowish brown (10YR 
5/8m) mottles; moderate effervescence; 
Seepage at 39 cm. 


Clays: 
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Map Unit 6 
Location: 
Landform: 
Slope and Aspect: 
Estimated Drainage: 
Sumeacer RUNO TT: 
Parent Material: 
Vegetation: 
Glass 1 fication: 
Series Correlation: 


Horizon Depth {cm) 
Oml 0-13 
Om2 13-48 
Ahg 48-67 
Cg +67 
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Grid reference 580 560; 
Undulating 

2-5%, depressional 

Very poorly 

Ponded 

Organic over lacustrine 
Sedges, reeds, arrow-leaved coltsfoot 
Terric Mesisol 

Eaglesham complex 


Site. Siz 


Description 


Reddish brown 
material 
sedges, 


(SYR 4/3). organi ¢ 
consisting of decomposed 
grasses “and reeds, Von Post 3. 


Back “(5 R'2/ ime Or Gan iCaumalee fl au 
consisting of moderately decomposed 
sedges, grasses ~and reeds.) Vom POS t.<or 


Vemy dark gray ClOYR 371m) silt. loam; 
massive; sticky; gradual wavy boundary ; 
1920 cm thick. 


Dark gray (10YR 4/1m) sandy clay loam; 
Massive: SLigntly StMcKy:. 
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Map Unit 2 
Logacion: 
Landform: 
Shopesand Aspect: 
Estimated Drainage: 


Surtace Runoft : 
Parent Material: 
Vegetation: 
Classification: 
Ssertes Correlation: 


Horizon Depth (cm) 
Ofk1l 0-10 
Of k2 10-25 
Ofk3 25-55 
Ofl So = 70) 
Ofk4 70-85 
Of 2 85-95 
Os 95-110 
Of kK5 TOs 


- Meadowcrest 


Grid reference 680 710; 
Bowl 

Sore 

Very poorly, 
Surface 
Ponded 

Fen 

Larch, swampbirch, 
Typicoribersot 

No equivalent 


5cm standing water at 


willow, sedge, rush 


Description 


Brown (10YR 5/3m) weakly decomposed 
Organtcamatertalht of miedrorigin: =Von 
Post 4; strongly effervescent. 


Darke browna( 7s .SYRwC/ 3m) 
decomposed organic material 
Oragin; Von-Post. 2: mel aty 
effervescent. 


very weakly 
of fen 


Brown (10YR 5/3m) weakly decomposed 
organic tmaténtal fof AfiemtorginsevonePpost 
4; strongly effervescent. 


Dark brown (7.5YR 3/3m) very weakly 
decomposed organic material of fen 
OFiGin: Vor Post 73; no. effervescence. 


(10YR 4/3m) weakly 
of fen 


Brown to dark brown 
decomposed organic material 
origin; VON Post =4e- strongly 
effervescent. 


Dark brown (7/5YR 3/3m) very weakly 
decomposed organic material of fen 
Origin; 4VOn Post) see@nerelfervescences 


Dark brown (7/5YR 3/2m) very weakly 
decomposed organic material of fen 
OF Ldinc A VOnePOS tes no et fenvescence. 


(10YR 6/3m) weakly 
of fen 


Pale brown 
decomposed organic material 
OF Gin: VON POS te 4uestCOngry 
effervescent. 
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Map Unit 2 


Location: 

Landform: 

Slope and Aspect: 
Estimated Drainage: 
Surface Runoff: 
Parent Material: 
Vegetation: 
Classification: 
Series Correlation: 


BOrLzZon. Depth, lem) 
Of1 0-16 
Of 2 16-20 
Ot3 20-67 
Cgkl 67-71 
Of 4 71-87 
Cgk2 87-95 
Om 95-+120 


- Meadowcrest 


Grid reference 295 430 
Horizontal 

O-075.5% 

Very poorly 

Ponded 

Fen 

Willow, swampbirch, 
Cumu ler Ribetso! 

No equivalent 


sedge, rush 


Description 


Black (5YR 1.7/1m) very weakly 
decomposed organic material of fen 
Origin; Von Post 3; no effervescence. 


Brown to dark brown (7.5YR 4/2cm) 
undecomposed organic material of fen 
origin; Von Post 1; no effervescence. 


Black (10YR 1.7/l1m) very weakly 
decomposed organic material of fen 
Ongimsevon, Post 3 no effervescence. 


Very dark greyish brown (2.5Y 3/2m) 
marl; structurless; non-sticky; 
strongly effervescent. 


Black (2.5Y 2/1lm) weakly decomposed 
organic material of fen origin; Von 
Post 4; no effervescence. 


Gacorts/ 3m )praanilt; 
non-sticky; strongly 


Olive brown 
structureless; 
effervescence. 


Black (2.5Y 3/lm) moderately decomposed 
organic material of fen origin; Von 
Post 6; no effervescence. 
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Map Unites 


BoOcaLLon: 

Landform: 

Slope and Aspect: 
Estimated Drainage: 
Surface Runoff: 
Parent Material: 
Vegetation: 


Classification: 
Series Correlation: 


Horizon Depth (cm) 
LFH 2-0 

Ahe 0-2.5 

Bm Zeo-16.0 
BG | 16.5-46.5 
BC2 4625+ 
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- Meadowcrest 


Grid reference 665 248, 
Ridged 
6-9%, 
Rapid 
Moderate 

Eolian 

Pine, spruce, aspen, grasses, wild 
lily-of-the-valley, yarrow, anemone, 
bedstraw 

Eluviated Eutnic Brunisol 

No equivalent 


Site MerA 


crests nortn 


Description 


Very dark brown (7. vnc ii) OT ganic 
layer, “consistingwot fresh and 
moderately decomposed leaves, pine and 
Spruce needles, grasses and stems. 


Dark reddish brown (5YR 3/2m) sand; 
structureless, single-grained; 
non-sticky; clear smooth boundary; 1-3 
Citmabry re Kr. 


Brown to dark brown (7.5YR 4/4m) 
structureless, single-grained; 
non-sticky; gradual wavy boundary; 
L3sf5 em thick. 


Sand; 


Olive brown (2. 5YR)4/4m) “sana: 
structureless, single-grained; firm; 
Many reddism = battds.. 0.o°cm: tLnick,. (of 
finer loamy material; gradual wavy 
boundary; 2o=s 52cm tNI GK. 


GLOYR) 574m). sand: 
structureless, single grained; firm; 
with reddish bands (7.5YR 4/4m) 0.5 cm 
thick, <ofi finer loamy material. 


Yellowish brown 
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Analytical 


Horizon 


Data for Meadowcrest Mapping Unit 3, 


Parle size Drsteet 2am) Partrcoresss 2mm 


Sand 
(C-M-F) 


Silt Clay 


Site 
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Map! Units 4 


bocat 10n: 

andt orm: 

Slope and Aspect: 
Estimated Drainage: 
Surface Runoff: 
Parent Material: 
Vegetation: 


Chass if icata ons 
Series Correlation: 


Horizon Depth (cm) 
Ap 0-13 

Bm 13-28 

BC 28-60 
BCgj 60+ 
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- Meadowcrest 


Grid reference 525 555, 
Undulating 
2-5%, midslope, 
Moderately wel] 
Medium to slow 
Eolian 

Mixed native and domestic grasses, 
forbs such as dandelion, goldenrod, 
alfalfa, red and white clover 
Orinic EutercrBrunrso! 

No equivalent 


S11 te eesS4 


north 
- imperfectly 


Description 


Brown) to. .darke Drown LOW he 473m) s and: 
structureless, single-grained; 
non-sticy; clear wavy boundary: 10-15 


env Vicki. 


Dark yellowish brown (10YR 4/6m) sand; 
structureless, single-grained; 
non-sticky; clear wavy boundary; 
cm thick. 


13-18 


CTO Y Rei5/ 4m) aesanid:: 
Single-grained; 

reddish 
loamy 
29-35 cm 


Yellowish brown 
structureless, 
Nom=Stuicky => With horizontal 
Danidse lem thvek rote tT imers 
material; clear wavy boundary; 
Mek. 


(OR Gyo \) Sand: 
Single-grained; common 
(10YR 


Pale brown 
structureless, 
coarse faint yellowish brown 
5/4m) mottles. 
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Analytical 


Horizon 


Data for Meadowcrest 


Mapping Unit 4, Site PS4 


Part Size fisted (< 2mm) Particles >2mm pH 


Sand 
(C-M-F) 


SRC Clay CaClo 
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Map Unit 35 


POcat Lon: 

Landforn: 

Slope and Aspect: 
Estimated Drainage: 
saptace—Runot-t 
Parent Material: 
Vegetation: 


Classification: 
Series Correlation: 


Horizon Deptiy (cm) 
Om 15-0 

Ah 0-4 

Bg 4-29 

BCg 29-56 

Cg 56+ 


HG? 


- Meadowcrest 


Grid reterences680 420, Site PS2 
Ridged 

10-15%, toe, southwest 

Poorly drained 

Slow 

Eolian 

Willow, dogwood, wild rose, horsetail, 


dandelion, vetch, Canada hawkweed. 
Orthic Gleysol 


No equivalent 


Description 


Black to Very idark brown .((7.5YR°2/ km) 
moderately decomposed organic material 
GCONSISUING mainiyeeln Aca Wht ven. 


CLOVR 5/2m) loamy sand: 
Single-grained; 
clear wavy boundary; 


Grayish brown 
structureless, 
non-sticky; 
tHTEK. 


3-6 cm 


Dark gray to dark brown (7.5YR 4/1m) 
sand; structureless, single-grained; 
non-sticky; gradual wavy boundary; 
20 S27) oem scnaick. 


Dark gray (1lOYR 4/ lm) sand; 
structureless, single-grained; 
wavy boundary; 25-30 cm thick. 


gradual 


Ghayer Coy 6/ ime oamny sand: 
structureless, single-grained; 
6c. 0 9ECM. 


seepage 
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Analytical 


Horizon 


Data for Meadowcrest Mapping Unit 5, 


Parts tzen0ts ts. (<2mms) 
Sand Sele Clay 
(C-M-F) 


Site PS2 
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LEGEND - SOILS AND LANDSCAPES OF MEADOWCREST ESTATES (NE24 - 51-27-W4) 


pak Xu Sa 
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Soils and landscapes of Meadowcrest Estates. 


SOIL SUBGROUP 


© 


Scale 1:5000 


Parent 
Unit Material Dominant Significant Landform Slope Drainage Vegetation 
1b Organic (fen) Typic Fibrisol Terric Fibrisol Horizontal to 0.5-2.5% Very poorly larch, swamp birch, sedges 
ribbed and rushes 
2b Organic (fen) Cumulo Fibrisol Terric Fibrisol Horizontal 0.5-2.5% Very poorly swamp birch, larch, sedges 
and rushes 
3c Eolian Eluviated Eutric Orthic Eutric Brunisol Undulating 2.0-5.0% Moderately pine-spruce forest 
; Brunisol well 
3d Eolian - Eluviated Eutric Orthic Eutric Brunisol Ridged 6.0-9.0% Well drained pine-spruce forest and 
Brunisol cleared, grassy 
3e Eolian Eluviated Eutric Orthic Eutric Brunisol Ridged 10-15% Well drained pine-spruce forest 
Brunisol 
4c Eolian Orthic Eutric Orthic Melanic Brunisol Undulating 2.0-5.0% Moderately mixed grasses and forbs 
Brunisol Gleyed Eutric Brunisol well-imper- : 
fectly ‘ 
5b Eolian Orthic Gleysol Orthic Humic Gleysol Undulating 0.5-2.5% Poorly- | balsam poplar, black 
Gleyed Eutric Brunisol imperfectly spruce, willow forest 
6 Semi-permanent open water 
7 Disturbed land - roads, ditches 
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Figure6 .Soils and landscapes of Springhill Park. 
z a bia Bei e: 2.4 : a Bet: 


LEGEND - SOILS AND LANDSCAPES OF SPRINGHILL PARK (NWS - 52-22-W4) 


Scale 1.:5000 


SOIL SUBGROUP 
Parent 
Unit Material Dominant Significant Landform Slope Drainage Vegetation 
1d-h Morainal Dark Gray Luvisol Orthic Dark Gray Hummocky 6-9% Well drained grasses, forbs 
1d-i Morainal Dark Gray Luvisol Orthic Dark Gray Inclined - 6-9% Well drained grasses, forbs 
Te-h Morainal Dark Gray Luvisol Orthic Dark Gray Hummocky 10-15% Well drained grasses, forbs 
le-i Morainal Dark Gray Luvisol Orthic Dark Gray Inclined 10-15% Well drained grasses, forbs 
le-r Morainal Dark Gray Luvisol Orthic Dark Gray Ridged 10-15% Well drained grasses, forbs 
1f-i Morainal Dark Gray Luvisol - ’ Inclined 16-30% Well drained grasses, forbs 
lf-r Morainal Dark Gray Luvisol - Ridged 16-30% Well drained grasses, forbs 
EO ae OO no ee Oe ee ee 
2c-u Lacustrine blanket Dark Gray Luvisol Orthic Dark Gray Undulating 2.5-5.0% Moderately grasses, forbs 
over morainal well 
ee ee ee | eS ee ee ee ee SS 
3c-u Morainal Orthic Gray Luvisol Gleyed Gray Luviso} Undulating 2.5-5.0% Hoderately aspen forest 
well-imper- 
fectly 
3d-h Morainal Orthic Gray Luvisol - Hummocky 6-9% Well drained aspen forest 
3d-i ope Orthic Gray Luvisol = Inclined 6-9% Well drained aspen forest 
3e-h Morainal Orthic Gray Luvisol Gleyed Gray Luvisaj Hummocky 10-15% eae aspen forest 
ectly 
3f-i Morainal Orthic Gray Luvisol - Inclined 16-30% Well drained aspen forest 
4b-u Lacustrine blanket Humic Luvic Gleysol Gleyed Dark Gray Undulating 0.5-2.5% Poorly - grasses, forbs 
over morainal imperfectly 
4c-u Lacustrine blanket Humic Luvic Gleysol Gleyed Dark Gray Undulating 2-5% Poerly - grasses, forbs 
_ over morainal imperfectly 
gee Pe ee ee ee ee ee ee ee ee ee ee ee 
5b-u Fluvial lacustrine | Orthic Humic Gleysol Fera Luvic Gleysol Depressional 0.5-2.5% Poorly forested or cleared 
ee age en ei a A Rl eee ee ee ee 
6b-h Organic (fen) Terric Mesisol Rego Gleysol, peaty Horizontal 0.5-2.5% Very poorly sedges, rushes, grasses 
phase 
7 Land disturbed for dwellings, yards and driveways. 
ee en ee ee ee ee ee 
8 Main road. 
a ee | ee ee eee ee ee eS 
9 Standing water bodies - ponds, lakes, dugouts. 
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